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Research  was  conducted  according  to  the  principles  enunciated  in  the 
"Guide  for  the  Care  and  I'se  of  Laboratory  Animals,"  prepared  by  the 
Institute  of  Laboratory  Animal  Resources,  National  Research  Council. 
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Studies  involving  human  patients  were  performed  in  conformity  with 
the  "recommendations  guiding  doctors  in  clinical  research"  as  stated 
in  the  Declaration  of  Helsinki  of  the  World  Health  Medical  Association 
(1964), 
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The  Armed  Forces  Radiobiology  Research  Institute  (AFRRI)  is  a command  of 
the  Defense  Nuclear  Agency  (DNA),  the  joint  services  organization  which  plans 
and  coordinates  the  Department  of  Defense's  nuclear  weapons  programs,  includ- 
ing nuclear  weapons  effects  research.  AFRRI's  research  is  undertaken  to  meet 
DoD  requirements  in  biomedical  effects  of  nuclear  w'eapons.  AFHRl  also  acts  in 
an  advisory  capacity  to  the  Department  of  Defense  on  all  medical  problems  asso- 
ciated with  nuclear  weapons  systems  and  on  the  hazards  associated  with  incidents 
and  accidents. 


The  areas  of  current  interest  in  the  Hiomedical  Research  Program  have  in- 
creased in  scope  and  complexity  with  the  identification  of  a number  of  operational 
problems  related  to  tactical  nuclear  weapons.  There  are  critical  requirements 
for  expansion  of  efforts  in  areas  of  research  such  as  combined  injury,  collateral 
damage,  casualty  prediction,  and  the  diagnosis  and  prognosis  of  radiation  injury 
as  well  as  treatment  of  nuclear  casualties. 


AFRRI  has  assessed  its  projects  and  programs,  studied  them  in  the  context 
of  identified  major  requirements  of  the  three  servici's  and  to  probable  require- 
ments in  the  foreseeable  future,  evaluated  the  relative  urgency  of  its  responsi- 
bilities in  the  areas  noted,  and  reallocated  its  resources  to  achieve  optimum  re- 
sults for  the  accomplishment  of  its  mission.  An  important  move  was  the  realign- 
ment of  the  institute's  departments  to  facilitate  a clearer  approach  to  research 
problems  by  grouping  related  programs  to  permit  closer  evaluation  and  direction 
of  program  progress. 


The  present  research  programs  of  the  institute  encompass  the  following:  nu-  \ 

clear  radiation-induced  incapacitation  and  performance  decrement  studies  in  ani- 
mal models  to  allow  better  prediction  of  man's  response;  medical  aspects  of  nu-  ’ 

clear  weapons  effects  for  use  in  nuclear  weapons  effects  medical  planning;  mo- 
lecular and  cellular  radiobiology  as  well  as  nonmammalian  and  mammalian  radio- 
biology  in  the  study  of  mechanisms  of  radiation  interaction  with  biological  sys- 
tems; radiation  dosimetry  in  the  evaluation  and  application  of  biomedical  effects 

data;  and  facilitation  of  repair  of  radiation  damaged  tissues  and  protective  agents  i 

in  the  study  of  recovery  and  treatment. 


The  scientific  departments  of  the  institute  as  now  constituted  and  abrief  sum- 
mary of  their  projects  are  given  below.  A more  detailed  statement  of  each  de- 
partment s iclivities  during  this  reporting  period  is  given  in  the  main  body  of  this 
publication  wlthsummary  reports  on  particular  projectsof  that  department . These 
reports  represent  a major  portion  of  thi'  research  results  for  the  year  but  do  not 
cover  all  aspects  of  the  ongoing  long-range  programs  of  thi'  institute. 
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I Behavioral  Sciences  Department: 

I research  on  the  acute  effects  of  radiation  and  other  injuries 

i on  behavior,  performance  and  psychoneuroiopiical  intesrity 

to  establish  casualty  criteria  for  tactical  nuclear  operations 

Biochemistry  Department: 

biomedical  research  in  disciplines  of  biochemistry  and  ra- 
diobiology with  special  emphasis  on  the  basic  radiochemical 
mechanism  of  radiation  injury  and  its  diagnosis 

Experimental  Hematology  Department: 

research  on  the  effects  of  ionizing  radiation  and  combined 
injuries  on  mammalian  species  with  special  emphasis  on 
doses  in  the  midlethal  range  related  to  collateral  damage 

Neurobiology  Department: 

research  to  elucidate  the  normal  function  of  peripheral  and 
central  nervous  systems  and  their  malfunction  in  disease  and 
injury  to  study  basic  mechanisms  underlying  high  dose  casu- 
alties and  mortality 

Nuclear  Sciences  Department: 

biomedical,  biological  and  radiological  physics  research  us- 
ing radioactive  materials  to  increase  the  understanding  of 
disease  processes  and  organ  function  in  combat  injuries. 

AFRIII  hosted  meetings  of  the  Board  of  Governors,  the  Biomedical  Nuclear 
Weapons  Effects  Development  Coordination  Committee  and  the  loint  Medical  Re- 
search Committee.  To  increase  its  competence  to  carry  out  its  mission,  staff 
members  attended  courses  and  panel  meetings  on  Special  Nuclear  Weapons  Ef- 
fects, armament  problems  and  a reexamination  of  the  data  on  radiation  effects  of 
nuclear  weapons  on  combat  personnel.  In  addition  to  the  publication  of  paixTS  in 
scientific  journals  and  laboratory  reports,  staff  members  made  oral  presenta- 
tions to  many  scientific  society  meetings. 


Dirpctor 


2 


TABLE  OF  CONTENTS 


PREFACE 


Page 

1 


EXPERIMENTAL  HEMATOLOGY  DEPARTMENT  

STIMULATION  OF  STEM  CELL  RELEASE  BY  HUMORAL  AGENTS 

PRODUCED  IN  INFLAMMATORY  EXUDATES.  Baum,  S.  J.  , MacVitUe, 

T.  J. , Brandenburg,  R.  T.  and  Levin,  S.  G 

ENHANCEMENT  OF  IN  VITRO  COLONY  FORMATION  BY  HUMAN  SERUM. 

Weatherly,  T.  L 

CHARACTERISTICS  OF  THE  IN  VITRO  MONOCYTE-MACROPHAGE  COLON"Y 

FORMING  CELLS  WITHIN  MOUSE  LYMPHOID  ORGANS.  MacVittie,  T.  J. 

and  Weatherly,  T.  L 

HEMATOPOIETIC  STEM  CELL  POPULATIONS  IN  Sl/Sl'*  MICE. 

McCarthy,  K.  F 

SECONDARY  DISEASE,  MITOGEN  AND  COLONY  FORMING  UNIT  RESPONSES 
IN  MICE  GRAFTED  WITH  ALLOGENEIC  BONE  MARROW  CELLS 

ADHERENT  TO  GLASS  BEADS.  Gambrill,  M.  R.  and  Ledney,  G.  D 

INHIBITION  OF  LETHAUTY  IN  ENDOTOXIN  CHALLENGED  MICE  TREATED 

WITH  ZINC  CHLORIDE.  Snyder,  S.  L.  and  Walker,  R.  I 

RADIATION-INDUCED  ALTERATIONS  IN  SERUM  AND  SPLENIC 

LYSOSOMAL  HYDROLASES  OF  RATS.  Snyder.  S.  L 

CONTRIBUTION  OF  CIRCULATING  BLOOD  CELLS  TO  SURVIVAL  OF 

MICE  EXPERIENCING  ENDOTOXEMIA.  Walker,  R.  I.  , Snyder,  S.  L.  , 

Moniot,  J,  V.  and  Sobocinskl,  P.  Z 

PROTECTION  AGAINST  ENDOTOXIN-INDUCED  MORTAUTY  IN  MICE 

TREATED  WITH  TRANSITION  METAL  SALTS.  Snyder.  S.  L.  , Walker, 

R.  I.  and  Moniot,  J.  V 

MITOGENIC  AND  COLONY  FORMING  UNIT  RESPONSES  OF  SPLEEN  CELLS 
FROM  MICE  ENGRAFTED  WITH  LEWIS  LUNG  CARCINOMA  CELLS. 

Ledney,  G.  D.  , Moniot,  J.  V.,  Gambrill,  M.  R.  and  MacVittie,  T.  J 

MATURATION  AND  DIFFERENTIATION  OF  IMMUNE  COMPETENCE  IN 

MOUSE  RADIATION  CHIMETiAS.  Crawford.  R.  M.  and  Ledney,  G.  D 

PERITONEAL  MACROPHAGE  CllEMOTAXIS  AND  ACCUMULATION  IN  MICE 
INJECTED  WITH  LEWIS  LUNG  CARCINOMA  CELLS.  Shell,  J.  M.  , 

Crawford,  R.  M.  and  Ledney,  G.  D 

CYCLOTIUMETIlYLENETRINITItAMINE-INDUCED  ULTRASTRUCTURAL 

CHANGES  IN  RAT  UVER  AND  KIDNEY.  French,  J.  E. , Bradley,  S . L.  , 

Schneider,  N.  R. , Andersen,  M.  E.  and  Jenkins,  L.  J.  , Jr 

TOXICITY  OF  POLYCHLORINATED  BIPHENYLS  TO  EUGLENA  GRACILIS: 

CELL  POPULATION  GROWTH,  CARBON  FIXATION,  CHLOROPHYLL 
LEVEL,  OXYGEN  CONSUMPTION.  AND  PROTEIN  AND  NUCLEIC  ACID 

SYNTHESIS.  Ewald,  W.  G. , French,  J.  E.  and  Champ,  M.  A 

EFFECTS  OF  DDT  AND  POLYCHLORINATED  BIPHENYLS  ON  CELLULAR 

METABOUSM  AND  ULTRASTRUCTURE  OF  CBITIUDIA  FASCICULATA, 

A FLAGELLATED  PROTOZOAN.  French,  J.  E.  and  Roberts,  J.  F 

VINYIJDENE  CHLOIUDE-INDUCED  ULTRASTRUCTURAL  CHANGES  IN 

RAT  LIVER.  French,  J.  E.  , Andersen,  M.  E.  and  Jenkins,  L.  J.  , Jr.  ... 
METABOUSM  0FL'‘*CJ  C YCLOTItlMETHYLENElRINlTRAMINE  IN  THE 

HAT.  Schneider,  N.  R.  , Bradley,  S.  L.  and  Andersen,  M.  E 


9 

11 

13 

14 
16 

18 

20 

22 

23 

24 

25 
28 

30 

32 


:.1 


37 


Page 


USE  OF  CENTIUFUGAL  ELUTRLATION  IN  BLOOD  CELL  SEPARATIONS. 

Grissom,  M.  P. , French,  J.  E.  and  Ewald,  W.  G 3s 

LIQUID  PRESERVATION  OF  DOG  GRANULOCYTES  AT  4"c  IN  VARIOUS 

STORAGE  MEDIA.  French,  J.  E.  , Flor,  W.  J.  and  Grissom,  M.  P 40 

BIOCHEMISTRY  DEPARTMENT  43 

SERUM  PROTEIN-BOUND  CARBOHYDRATES  AND  OTHER  GLYCOPROTEIN 
ASSAYS  AS  INDICATORS  OF  TUMOR  BURDEN.  Weiss,  J.  F.  , Bradley, 

W.  P.  , Blasco,  A.  P.  , Alexander,  J.  C. , Jr.,  Silverman,  N.  A.  and 

Chretien,  P.  B 45 

ORGANOMETALLIC  UQUIDS  AS  POTENTIAL  DOSIMETRIC  MATERIALS: 

A PULSE  RADIOLYSIS  STUDY  OF  THE  TETRA-ALKYL  COMPOUNDS  OF 

Si,  Sn  AND  Pb.  Hosszu,  J.  L 40 

GROWTH  EFFECTS  FROM  45-Hz  VERTICAL  ELECTRIC  FIELDS. 

Mathewson,  N.  S.  , Oosta,  G.  M.  , Levin,  S.  G.  , Ekstrom,  M.  E.  , 

Diamond,  S.  S.  and  Blasco,  A.  P 48 

LENS  PROTEINS:  A POSSIBLE  INDICATOR  OF  SUBCUNICAL  LENS 

ALTERATIONS  AFTER  MICROWAVE  EXPOSURE.  Oosta,  G.  M.  , 

Ma'hewson,  N.  S.  and  Henry,  F.  H 51 

LOCAU7  ■ TION  OF  Sy^^Tc  DIPHOSPHONATE  IN  ACUTELY  INJURED 
MUSCLE:  RELATIONSHIP  TO  MUSCLE  CALCIUM  DEPOSITION. 

Siegel,  13.  A 32 

aUniTc  UII'IIOSPHONATE  SCANNING  OF  SOFT  TISSUE  IN  NEUROMUSCULAR 

DISEASES.  Kula,  R.  W 53 

SKELETAL  UPTAKE  OF  ‘33ni-jc  diphoSPHONATE  IN  RELATION  TO 

LOCAL  BONE  BLOOD  FLOW.  Siegel,  B A.  , Donovan,  R.  L.  and 

Alderson,  P.  0 54 

SPLENIC  IMAGING  WITH  '‘^‘‘^"'Tc-LABELED  ERYTHROCYTES:  A COM- 
PARATIVE STUDY  OF  CELL  DAMAGING  METHODS.  Hamilton,  R.  G. 

and  Alderson,  P.  0 5(> 

REGIONAL  KINETICS  OF  INDIUM-111  DTPA  IN  CEREBROSPINAL  FLUID 

IMAGING  O’-' NORMAL  VOLUNTEERS.  Partain,  C.  L.  , Alderson,  P.  O. 

and  Donovan , R.  L 5ii 

QUANTITATIVE  lUVDIONUC  LIDE  EVALUATION  OF  ALLOGENEIC  AND 

COMPOSITE  MANDIBUlJMt  BONE  GRAFTS.  Kelly,  J.  F 60 

SEQUENTL-XL  QUAN"HTATI\  E RADIONUCUDE  EVALUATION  OF 

NUXNDlBUlaXR  BONE  GIUXFT  REPAIR.  Kelly,  J.  F 63 

A MULTIPLE  ANIMAL  ARIUXY  FOR  EQUAL  POWER  DENSITY  MICRO- 
WAVE IRIUXDIA  TION.  Ohva,  S.  A.  and  Catravas,  G.  N 63 

MODIFICATION  OF  A MINICOMPUTER  DATA  ACQUISITION  SYSTEM  FOR 

MULTIPLE  USE  UTILIZING  DIRECT  MEMORY  ACCEISS.  Oliva,  5.  A.  , 

Domivati,  R.  L.  and  Shinier,  A.  11 64 

A METHOD  OF  MEASURING  THYROID  BURDEN  OF  *^^1.  Webber,  W.  R. 

and  Donovan,  R L 65 

BEIIAX  lOlUXL  SCIENCES  DEPARTMENT  67 

PRIMAI  E PHYSICAL  ACTIVITY  FOLLOWING  EXPOSURE  TO  A SINGLE 

■1600-IUXD  PULSED  DOSE  OF  MIXED  GAMMA-NEUTRON  lUXDlATlON. 

Franz,  C.  G 68 


1 


Page 


EFFECT  OF  ELECTROMAGNETIC  PULSE  ON  AVOIDANCE  BEHAVIOR 

AND  ELECTROENCEPHALOGRAM  OF  A RHESUS  MONKEY.  Mattsson, 

J.  L.  and  Oliva,  S.  A 70 

EFFECTS  OF  CHRONIC  INHALATION  OF  PROPYLENE  GLYCOL 

1,2-DlNITRATE  ON  THE  CONDITIONED  AVOIDANCE  BEHAVIOR 

OF  PIUMATES.  Young,  R.  W. , Curr  >n,  C.  R.  and  Franz,  C.  G 71 

THE  INCIDENCE  OF  RADIATION-INDUCED  INCAPACITATION  AS  A 

FUNCTION  OF  PHYSICAL  CONDITIONING  AND  TASK  PERFORMANCE. 

Young,  R.  W.  and  Franz,  C.  G 72 

CROSS  TOLERANCE  BETWEEN  MORPHINE  AND  CHOLINERGIC  BLOCKING 
DRUGS  MICROINJECTED  INTO  THE  ANTERIOR  AMYGDALA. 

Teitelbaum,  H.  , Lee,  J.  F.  and  Levin,  S.  G 73 

CLASSICAL  CONDITIONING  OF  lUPPOCAMPAL  THETA  PATTERNS  IN 

THE  RAT.  Teitelbaum,  H.  , McFarland,  W.  L.  and  Mattsson,  J.  L 74 

INDUCTION  OF  MOVEMENT  IN  CATALEPTIC  RATS  WITH  STIMULATION 
OF  THE  LATERAL  HYPOTHALAMUS  AND  SUBSTANTIA  NIGRA. 

Mickley,  G.  A.  and  Teitelbaum,  H 74 

A CHEST  HARNESS  AND  POLE  LEASH  FOR  ROUTINE  TRANSFER  OF 
miESUS  MONKEYS  FROM  HOME  CAGE  TO  BEHAVIORAL  TEST 

APPARATUS  AND  BACK.  Mattsson,  J.  L 76 

THE  SUPERIOR  COLUCULUS.  Goldberg,  M.  E.  and  Robinson,  D.  L 76 

SUPEIUOR  COLUCULUS  NEURONS  WHICH  DISTINGUISH  BETWEEN  TYPES 
OF  STIMULUS  MOVEMENT  HAVE  RESPONSE  ENHANCEMENT. 

Robinson,  D.  L.  and  Wurtz,  R.  H 77 

VISUAL-MOTOR  INTEGRATION  IN  MONKEY  SUPERIOR  COLLICULUS. 

Wurtz,  R.  H. , Moliler,  C.  W.  and  Robinson,  D.  L 79 

VISUAL  RESPONSES  OF  AREA  18  NEURONS  IN  THE  AWAKE,  BEHAVING 

MONKEY.  Baizer,  J.  S.  , Robinson,  D.  L.  and  Dow,  B.  M 81 

BRAIN  ACETYLCHOUNE  LEVELS  UNDER  VARIOUS  CONDITIONS  OF 

ETHANOL  TREATMENT.  Hunt,  W.  A.  and  Dalton,  T.  K S3 

REIJ^TIVE  INTOXICATING  DOSES  OF  AUPHATIC  ALCOHOLS  AND  DIOLS. 

Hunt,  W.  A.  and  McCreery,  M.  J 85 

TEMPORfVL  RELATIONSHIP  OF  THE  INDUCTION  OF  TOLERANCE  AND 
PHYSICAL  DEPENDENCE  ON  ETHANOL  AFTER  CONTINUOUSLY 
SUSTAINED  INTOXICATION  WITH  HIGH  DOSES  OF  ETHANOL  IN 

RATS.  Majchrowicz,  E.  and  Hunt,  W.  A 87 

SUPPRESSION  BY  1 , 3-BUTANEDIOL  OF  THE  ETHANOL  WITHDIUWAL 
SYNDROME  IN  RATS.  Majchrowicz,  E.  , Hunt,  W.  A.  and 

I^antadosi,  C 9U 

LACK  OF  ALTERATION  IN  REGIONAL  BRAIN  ADENOSINE  3',5'-CYCLlC 

MONOPHOSPHATE  LEVELS  AFTER  ACUTE  AND  CHRONIC  TREATMENT 

WITH  ETHANOL.  Redos,  J.  D.  , Hunt,  W.  A.  and  Catravas,  G.  N 91 

ETHANOL-INDUCED  DEPLETION  OF  CEREBELLAR  GUANOSINE 

3',  fj'-CYCLIC  MONOPHOSPHATE  LEVELS.  Redos,  J.  D.  , Catravas, 

G.  N.  and  Hunt,  W.  A 93 

NEUROBIOLOGY  DEPAR1  .MENT  95 

FUNCTIONAL  DISITUBUTION  OF  SYMPATHETIC  NERVES  IN  THE 
CYNOMOLGUS  MONKEY.  Alter,  W.  A.  HI,  Evans,  D.  E. 

and  Parkhurst,  L.  J 98 


» 


J 

’ \i 


o 


Page 


1 


EFFECT  OF  CORONARY  ARTERY  OCCLUSION  ON  REGIONAL  MYOCARUiAL 
BLOOD  FLOW  AND  CARDIAC  FUNCTION.  Alter,  W.  A.  lU,  Evans, 

D.  E. , Parkhurst,  L.  J.  and  Doyle,  T.  F 99 

EFFECT  OF  OUABAIN  AND  ITS  INTERACTION  WITH  DIPHENYLHYDANTOIN 
ON  CARDIAC  ARRHYTHMIAS  INDUCED  BY  HYPOTHALAMIC  STIM- 
ULATION. Evans,  D.  E.  and  GilUs,  R.  A 101 

PHYSIOLOGIC  CONTROL  OF  SPINAL  CORD  BLOOD  FLOW.  Kobrine,  A.  I. 

and  Doyle,  T.  F 102 

HYPEREMIA  AND  EDEMA  IN  THE  MONKEY  SPINAL  CORD  FOLLOWING 
INJURY:  MODIFIED  BY  HISTAMINE  ANTAGONISTS.  Doyle,  T.  F.  , 

Kobrine,  A.  1.  and  Martins,  A.  N 105 

FURTHER  STUDIES  IN  SPINAL  CORD  AUTOREGULATION.  Kobrine,  A.  I.  , 

Doyle,  T.  F.  and  Newby,  N 106 

VENTRICULOCISTERNAL  PERFUSION  STUDIES  IN  THE  MONKEY. 

PCO2  AND  THE  RATE  OF  FORMATION  OF  CEREBROSPINAL  FLUID. 

Martins,  A.  N. , Doyle,  T.  F.  and  Newby,  N 108 

VENTRICULOCISTERNAL  PERFUSION  STUDIES  IN  THE  MONKEY.  SOURCES 
OF  ERROR  IN  MEASURING  CEREBROSPINAL  FLUID  FORMATION. 

Martins,  A.  N. , Newby,  N.  and  Doyle,  T.  F 110 

A SELECTIVELY  PERMEABLE  MEMBRANE  FOR  TYMPANIC  VENTILATION- 

TUBES.  Castelli,  J.  B. , Murray,  J.  P.  and  deFries,  H.  0 112 

A METHOD  OF  PREPARING  THE  IN  SITU  FROG  SPINAL  CORD  FOR 

INTRACELLULAR  RECORDING.  Cruce,  W.  L.  R 113 

TERMINATION  OF  SUPRASPINAL  DESCENDING  PATHWAYS  IN  THE  SPINAL 
CORD  OF  THE  TEGU  UZARD  (TUPINAMBIS  NIGROPUNCTATUS). 

Cruce,  W.  L.  R 115 

ANALYSIS  OF  THE  VISUAL  SYSTEM  IN  A UZARD,  TUPINAMBIS 

NIGROPUNCTATUS.  Cruce,  J.  A.  F.  and  Cruce,  W.  L.  K 117 

EFFECT  OF  CHRONIC  ADMINISTRATION  OF  MORPHINE  ON  THE 

ACTIVITY  OF  BRAIN  MONOAMINE  OXIDASE  IN'  THE  RAT.  Catravas, 

G.  N.  , Takenaga,  J.  and  McHale,  C.  G 119 

MORPHINE-INDUCED  CHANGES  IN  INTRACELLULAR  CA1  :.CHOLAMINES 
IN  RAT  CENTRAL  NERVOUS  SYSTEM.  Darden,  J.  H,  and 

Catravas,  G.  N I2l 

PROSTAGLANDIN  Ej-MORPIUNE  EFFECTS  ON  ADENYL  CYCIASE  AC  IIVITY 

IN  A RAT  BRAIN  SUCE  SYSTEM.  Katz,  J.  B.  and  Catravas,  G.  N 12-4 

MORPHINE,  KETAMINE,  AND  HARMAUNE  INFLUENCES  ON  RAT 

CEREBELLUM  3',5'-CYCUC  GUANOSINE  MONOPHOSPHATE  LEVELS. 

Katz,  J.  B.  and  Catravas,  G.  N 126 

CEREBELLAR  3', 5'-CYCUC  GUANOSINE  MONOPHOSPHATE  LEVELS 

REDUCED  BY  NARCOTIC  AND  HYPNOTIC  DRUGS:  CORRELATION 

WITH  DRUG-INDUCED  ATAXIA.  Katz,  J.  B.  and  Catrava.s,  G.  N 127 

MONOAMINE  O.XIDASE  ACTIVITY  IN  NERVOUS  AND  PEIUPI’EIUL 

TISSUES  OF  APLYSIA.  Ribas,  J.  L. , Catravas,  G.  N.  , Takenaga,  J. 

and  Carpenter,  D.  0 129 

BIOCHEMICAL  CHANGES  IN  THE  BRAIN  OF  IU\TS  EXPOSED  'TO 

MICROWAVES  OF  LOW  POWER  DENSITY.  Catravas,  G.  N.  , Katz,  J.  B.  . 

Takenaga,  J.  and  Abbott,  J.  R 131 

MECHANOSENSORY  TRANSDUCTION  IN  SENSORY  AND  MOTll.E  CILIA. 

Wiederhold,  M.  L 132 


i! 

i 


() 


Page 


RECTIFICATION  IN  APLYSIA  STATOCYST  RECEPTOR  CELLS. 

Wiederhold,  M.  L 133 

RESPONSE  OF  APLYSIA  STATOCYST  RECEPTOR  CELLS  TO  PHYSIOLOGIC 

STIMULATION.  Wiederhold,  M.  L.  and  Gallin,  E.  K 134 

CHRONIC  RECORDING  OF  AUDITORY  NERVE  POTENTIALS  FROM 

THE  CAT.  Wiederhold,  M.  L.  and  Martinez,  S.  A 136 

ELECTROPHYSIOLOGY  OF  HUMAN  MACROPHAGE  STIMULATION  BY 

ENDOTOXIN  ACTIVATED  SERUM.  GalUn,  E.  K.  and  Gallin,  J.  1 138 

DIFFERENTIAL,  INTHACOCHLEAR  RECORDING  OF  THE  COCHLEAR 

MICROPHONIC  IN  PIGEON.  Pierson,  M.  G 139 

DOPAMINE  MIMICRY  AND  MODULATION  OF  L7  GILL  MOVEMENTS  IN 

APLYSIA.  Swann,  J.  W. , Sinback,  C.  N.  and  Carpenter,  D.  0 141 

ORGANIZATION  OF  RECEPTORS  FOR  NEUROTRANSMITTERS  ON 

APLYSIA  NEURONS.  Swann,  J.  W.  and  Carpenter,  D.  0 142 

DEPLETION  OF  CARDIAC  NOREPINEPHRINE  DURING  TWO  FORMS  OF 

HEMOLYTIC  ANEMIA  IN  THE  RAT.  Swann,  J.  W.  and  Contrera,  J.  F.  ...  144 

THE  ELECTRICAL  RESISTIVITY  OF  AQUEOUS  CYTOPLASM.  Foster,  K.  R.  , 

Bidinger,  J.  M.  and  Carpenter,  D.  0 146 

THE  LOW  APPARENT  PERMITTIVITY  OF  ADSORBED  WATER  IN 

SYNTHETIC  ZEOLITES.  Foster,  K.  R.  and  Resing,  H.  A 148 

EFFECT  OF  DIMETHYLSULFOXIDE  ON  THE  DIELECTRIC  PROPERTIES 
OF  CANINE  KIDNEY  TISSUE.  Foster,  K.  R.  , Bell,  R.  T.  HI, 

Wliittington,  R.  and  Denysyk,  B 150 

PROPERTIES  OF  WATER  IN  REVERSED  MICELLES.  A NUCLEAR 

MAGNETIC  RESONANCE  STUDY.  McCreeiy,  M.  J.  , Yeh,  H.  J.  C. 

and  Carpenter,  D.  0 153 

EFFECTS  OF  ESERINE  AND  NEOSTIGMINE  ON  THE  INTERACTION  OF 

a-BUNGAROTOXIN  WITH  APLYSIA  ACETYLCHOXJNE  RECEPTORS. 

Carpenter,  D.  O. , Greene,  L.  A.,  Shain,  W.  G. , Jr.  and  Vogel,  Z 155 

EFFECT  OF  CURARE  ON  RESPONSES  TO  DIFFERENT  PUTATIVE 

NEUROTRANSMITTERS  IN  APLYSIA.  Caipenter,  D.  O.  , Swann,  J.  W. 

and  Yarowsky,  P.  J 157 

LOCALIZATION  OF  AND  SPECIFIC  RECEPTORS  FOR  PHENYLETHANOL- 
AMINE  IN  APLYSIA.  Saavedra,  J.  M.  , Ribas,  J.  L.  , Swann,  J.  W. 

and  Carpenter,  D.  0 159 

A COMPARISON  OF  lONOPHORES  ACTIVATED  BY  ACETYLCHOLINE 
AND  GAMMA-AMINOBUTYRIC  ACID  IN  APLYSIA  NEURONS. 

Yarowsky,  P.  J.  and  Carpenter,  D.  0 161 

ASPARTATE:  DISTINCT  RECEPTORS  ON  APLYSIA  NEURONS. 

Yarowsky,  P.  J.  and  Carpenter,  D.  0 163 

BIOrilEMlCAL  PROPERTIES  OF  A /8-BUNGAHOTOXIN.  Donlon,  M.  A.  , 

Tobia.s,  G.  S.  , Shain,  W.  G.  , Jr.  and  Catravas,  G.  N 165 

PUiUFICATlON  AND  BIOCHEMICAL  CHARACTERIZATION  OF  A 

^-BUNGARO'i'O.XlK.  Tobias,  G.  S.  , Donlon,  M.  A.,  Shain,  W.  G.  , Jr. 

and  Catravas,  G.  N 166 

ANALYSIS  OF  BINDING  AND  PHOSPHOUPASE  A PROPERTIES  OF 

^I-BUNGAHOTOXIN.  Tobia.s,  G.  S.  , Donlon,  M.  A.,  Shain,  W.  G.  , Jr. 

and  Marinetti,  B 168 

d-BUNGAROTOX'N:  RI.I^TiONSHlP  OF  PHOSPHOLIPASE  ACTIVITY  TO 
TOXICITY.  'I'obins,  tl.  S.  , Donlon,  M.  A.  . Sliain,  W.  G.  , Jr. 

and  Catravas,  G.  N 170 


7 


Page 


^-BUNGAROTOXIN;  THE  RELATIONSHIP  OF  PHOSPHOUPASE  A 

ACTIVITY  TO  NEUROMUSCULAR  TRANSMISSION.  Uvengood.  D.  R.  , 

Donlon,  M.  A.,  Manalis,  R.  S. , Tobias,  G.  S.  and  Shain,  W.  G.  , Jr 172 

DISSOCIATION  AND  CONTINUOUS  CELL  CULTURE  OF  HUMAN 

SMOOTH  MUSCLE  CELLS.  Chock,  E.  S.  and  Shain,  W.  G.  , Jr 174 

ELECTROPHYSIOLOGICAL  PROPERTIES  OF  SMOOTH  MUSCLE  IN- 

DISSOCIATED  CELL  CULTURE.  Sinback,  C.  N.  and  Shain,  W.  G.  , Jr.  ...  175 

PROSTAGLANDIN  E^  STIMULATION  OF  CYCLIC  ADENOSINE  MONO- 

PHOSPIbXTE  LEVELS:  INHIBITION  BY  PUTATIVE  NEUROTRANS- 
IVUTTERS  IN  A NEURONAL  SOMATIC  CELL  HYBIUD.  Blosser,  J.  C.  , 

Myers,  P.  R.  and  Shain,  W.  G. , Jr 176 

EVIDENCE  FOR  A DOPAMINE  RECEPTOR  ANTIBODY.  Myers,  P.  R.  , 

Donlon,  M.  A.  , McCarthy,  K.  F. , McCreeiy,  M.  J. , Livengood,  D.  R. 

and  Shain,  W.  G. , Jr 177 

TRANSPORT  OF  GAMMA-AMINOBUTYRIC  ACID  BY  GLIAL  CELLS 

IN  CULTURE.  Martin,  D.  L. , Brown,  D.  A.  and  Shain,  W.  G. , Jr 179 

INDEX  TO  PRINCIPAL  INVESTIGATORS  182 


I 


6 


EXPERIMENTAL  HEMATOLOGY  DEPARTMENT 


1 


The  Experimental  Hematology  Depai’tment  conducts  research  on  the  effects 
of  ionizing  radiation  upon  the  blood  cell  forming  system  in  tlic  bone  marrow. 
Personnel  exposed  to  radiation  doses  up  to  1000  rads  are  injured  or  die  because 
of  damage  to  the  blocxl  cell  precursors  in  the  bone  marrow.  The  objective  of 
the  Department  is  to  develop  biological  diagnostic  indicators  for  the  early  meas- 
urement of  the  extent  of  radiation  damage  and  therapeutic  means  to  ameliorate 
the  sustained  injury. 


Ib'imarily  liecause  the  mechanism  of  blood  cell  pr<xluction  is  poorly  under- 
stood there  exists  at  present  no  efficient  l^iological  indicator  for  the  prediction 
of  radiation  injury.  Consequently,  the  hematologists  of  the  Department  are 
presently  engaged  in  research  to  determine  what  initiates  white  cell  production. 
To  date  several  studies  appear  to  support  the  contention  that  the  organization 
governing  white  cell  production  is  controlled  by  a combination  of  positive  and 
negative  humoral  feedback  systems.  The  next  step  will  involve  the  purification 
and  c’oncentration  of  humoral  inliibitor  and  stimulatoiy  substances  and  study  of 
their  precise  involvement  in  the  cell  production  process.  Utilizing  ultrastruc- 
tural  studies,  tissue  culture  and  in  vivo  testing  should  permit  the  elucidation 
of  the  processes  controlling  white  cell  jiroduction.  Once  this  lias  been  estali- 
lislied,  it  should  be  possilile  to  develop  diagnostic  tools  and  means  for  tlie  en- 
hancement of  white  cell  production  after  exposure  to  i-adiation  doses  which  do 
not  completely  desti’oy  tlie  hematopoietic  system. 

Personnel  exposed  to  radiation  doses  which  damage  primarily’  the  blood 
cell  forming  system  usually  become  sick  or  die  of  bacterial  infection.  The 
departmental  microbiologists  are  involved  in  extensive  studies  to  delineate 
the  route  of  postirradiation  infection  and  the  breakdown  of  normal  defense 
mechanisms.  Based  on  their  studies  the  following  therapeutic  approaches 
were  suggested  for  patients  with  radiation-induced  decrease  in  the  numbers 
of  circulating  white  cells;  (1)  control  of  endogenous  flora;  (2»  white  c'cll  trans- 
fusion; {?>)  antibiotics;  and  (1)  attenuation  of  the  inflammatory  response.  The 
microbiologists  arc  aided  by  the  efforLs  of  the  iihysiologists  who  are  making 
progress  in  the  development  of  methods  for  the  cryopreservation  and  storage 
of  typed  white  cells.  This  is  a joint  effort  with  (he  I . S.  Xa\al  Unif  at  Chelsea, 
Massachusetts. 


( )nce  all  bone  marrow  tissue  is  destro\eil  the  onl\  life  sa\  ing  procedure 
is  the  transplantition  of  cimipatilile  bone  marrow  stem  cells.  I nlortumitidy, 
liasic  immune  mechanisms  interfere  witli  this  proceduie.  The  immune  system 
remains  intact  up  to  lethal  doses  ot  hoo  rads  and  am  noncompatible  transiilant 
is  rejected.  At  higiu'r  doses  ininmnological  active  donoi’  cells  attack  \ itil 


I 


organs  of  the  host  and  initiate  tlie  fatal  graft  versus  host  disease.  Kfforts  of 
the  departmental  immunologists  have  resulted  in  the  mechanical  removal  of 
immune  killer  cells  with  tlie  net  result  of  increased  survival  of  letlially  irra- 
diated mice..  The  physiologists  are  engaged  in  an  effort  to  freeze-store  spe- 
cifically tyi^ed  bone  marrow  stem  cells  which  could  be  used  for  ix)stirradiation 
therapy. 

Shortly,  the  Department  will  initiate  studies  on  the  effect  of  additional  or 
combined  injuries  in  radiation  casualties.  Initial  efforts  by  the  toxicologists, 
who  are  developing  models  for  the  detection  of  toxic  products  in  radiation  con- 
taminated environments,  are  described. 
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STIMULATION  OF  STEM  CELL  RELEASE  BY  HUMORAL  AGENTS 
PRODUCED  IN  INFLAMMATORY  EXUDATES 

Hrlni  ipdl  InvcsiKiiitors  S.J.  Baum,  T.J.  MacVittie,  R.  T.  Brandenburg 
and  S.  G.  Levin 

Personnel  subjected  to  ionizing  radiation  which  will  not  induce  immediate 
mortality  may  become  ill  or  die  2 to  3 weeks  later  due  to  the  diminished  num- 
ber of  white  cells  in  the  circulation  to  combat  bacterial  infections.  The  de- 
crease in  the  number  of  white  cells  is  caused  bj-  the  injury  to  the  blood  cell 
forming  system  in  the  bone  marrow  which  must  repair  itself  before  it  is  ca- 
pable of  producing  the  necessary  number  of  functional  white  cells.  The  pres- 
ent study  was  designed  to  discover  means  for  enhanced  recovery  of  the  bUxxi 
cell  forming  system  which  would  initiate  an  earlier  production  of  white  cells. 

The  precise  way  multipotential  stem  cells  (CFU-s)  are  stimulated  for  dif- 
ferentiation into  leukocytic  progenies  is  not  known.  Various  hypotheses  have 
been  suggested  which  consider  either  a cell  to  cell  or  a Immoral  agent  to  cell 
interaction.  Production  of  humoral  substances  could  occur  either  in  the  bone 
marrow  leukocytic  storage  pool,  in  the  circulating  leukocytes  or  in  inflaiuma- 
tory  exudates.  The  present  study  is  based  on  the  hypothesis  that  a humoral 
agent  produced  in  inflammatory  exudates  is  transported  to  the  bone  marrow 
where  it  stimulates  CFU-s  to  differentiate  into  l.^ukocytic  precursors. 

Inflammatory  exudates  were  produced  by  the  implantation  of  an  acrylic  cup 
filled  witli  bacteria  free  Hanks'  solution  into  a subcutaneous  pouch  of  BfHi2Fl 
mice.  The  cups  were  removed  24  hours  later,  the  cells  separated  from  the 
supernatant  and  both  were  pooled.  Thereafter,  normal  mice  received  via  tail 
vein  either  2 x 107  exudate  cells,  0.2  ml  supernatant,  0.2  ml  plasma  from  cup 
implanted  or  from  normal  mice,  2 x 107  bone  marrow  cells  or  2 x 10^  splenic 
cells  from  normal  animals  or  0.2  ml  Hanks'  solution  (Figure  1).  Anotlier  24 
hours  later  bone  marrow  was  removed  from  all  mice  and  2.5  x 10'^  cells  were 
injected  into  previously  lethally  irradiated  mice  (900  rads  ^’®Co  gamma  irradi- 
ation), while  5 X 10'^  cells  were  suspended  in  \ itro  in  agar  supported  media. 
Nine  days  later  the  mice  were  euthanatized,  the  spleens  removed  and  colonies 
(CFU-s)  were  counted.  At  the  same  time  colonies  (CFU-c)  were  enumerated 
from  the  agar  supported  media. 

The  results  clearly  indicate  (T’able  1)  that  the  bone  marrow  obtained  from 
mice  stimulated  with  either  exudate  cells  or  sujx;rnatant  or  plasma  obtained 
from  cup  implanted  mice  contained  a significantly  greater  number  of  CFU-s 
than  did  either  one  of  the  four  control  groups.  A similar  trend  was  observed 
in  the  colonies  produced  in  vitro. 
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Figure  1.  Schematic  presentation  of  the  experimental  design 
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Table  1. 

Number  of 
Stimulated 

CFT-s  Per 
With  Cells 

2.5  X lO"*  Hone  Marmss 
or  Humoral  .\R«>nts 

Ceils  in  Mice 

1 

: 

• 

Total  Number 
of  Colonies 

Total  Number 
of  Spleens 

M*  an 

St  andard 
Frr  >r 

Numl.er  of  Cells  Volume  of  Plasra 
In)ected  or  Supernatant 

1 nj^ec  t ed 

txudate^ 
Supernatant  (F.S) 

640 

05 

6.7’ 

.28 

- 

(ml  I 

. 2 
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1 

Exudate 
Plasma (EPL) 
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00 

6. o’ 
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.2 
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Exudate 

rells(EC) 
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92 

5.e’ 
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2xl0'' 
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Norna 1 ^ 
Plasma (NPL) 
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-- 
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So lut ion (H) 
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— 

.2 

Normal  Bone 
Marrow  (NBM) 
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4 4 

.21 

:xio’ 

-- 

‘ 

Norma  1 
Spleen  (NS) 
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79 

4 .4 

.22 

2x10^ 

-- 

^Connotes  mice  imulant.od  with  acrylic  cups. 
^Mico  without  implanted  cups. 

^Siqni  f ic«int  difference  from  controls  (P*_0.05). 
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It  is  therefore  postulated  that  cells  whicli  had  migrated  into  the  exudates 
produced  a humoral  substance  which  is  transported  via  the  circulation  to  the 
bone  marrow  where  it  stimulates  the  release  of  multipotential  stem  cells  into 
the  leukocytic  cellular  comixirtment.  This  humoral  substance  will  be  analyzed 
further  in  order  to  determine  under  what  physiological  condition  it  will  en- 
hance white  cell  production  in  personnel  after  radiation  exposure. 
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ENHANCEMENT  OF  IN  VITRO  COLONY  FORMATION  BY 
HUMAN  SERUM 

' Principnl  Invcstiiidtot  T L.  Weatherly 

The  present  work  is  part  of  a combined  effort  to  study  regulators  of  bone 
marrow  cell  grow'th.  An  understanding  of  this  regiilation  may  provide  knowl- 
edge for  useful  therapeutic  manipulation  in  cases  of  bone  marrow  dysfunction 
associated  with  disease  states  and  radiation  injury.^ 

Normal  human  serum  enhanced  m vitro  colon,  formation  by  human,  murine, 
canine,  and  simian  bone  marrow  cells  at  optimal  concentrations  of  colony  stun- 
ulating  activity.  The  number  and  size  of  colonies  were  increased.  Murine  col- 
ony formation  was  induced  by  pregnant  mouse  utci*us  extract,  mouse  L-cell  (.'on- 
ditioned  medium,  or  human  peripheral  blood  leukoc\des.  Canine  colony  forn\a- 
tion  was  induced  by  15  jxjrcent  dog  plasma  in  an  underlayer  of  I jx-mcent  agar 
t and  culture  medium.  Sources  of  colony  stimulating  activit>’  for  human  and  sim- 

ian colony  formation  were  ix.‘ripher:U  blr>od  leukoc\-tes  and  human  activated 
“ (phytohemagglutinin- P,  Difeo  Laboratories)  lymphocyte  conditioned  medium. 

1 Activated  lymphocyte  conditioned  mcdiimi  stimulated  murine  colony  formation 

only  if  normal  human  scrum  was  present.  .At  optitntil  colony  stimulating 
activity  concentrtitions,  fetal  calf,  dog,  horse,  and  murine  sera  either  tlid 
not  enhance  colony  formation  or  did  so  to  a lesser  degree  than  normal  liiiman 
serum.  Mieximal  enham-ement  was  obUiined  with  serum  concentrations  of  7.  .5 
to  10  percent  (vA  );  at  higher  concentrations  colony  formation  decreased  below 
maximum  number.  Preincubation  of  murine  marrow  with  normal  huntan  serum 
in  liquid  culture  for  I hour  did  not  result  in  subsetjuent  enhancement.  Rather, 
for  enhancement  to  take  place  serum  was  required  to  be  present  during  the  cul- 
ture period.  Human  bone  marrow  was  culUired  over  peripheral  blood  leuko- 
cytes with  or  without  a nonhuman  source  of  colony  stimulating  activit>’  ijn'egnant 
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mouse  uterus  extract).  The  presence  of  pregnant  mouse  uteiais  extract  in  hu- 
man bone  marrow  cultures  did  not  inhibit  enhancement  by  normal  human  serum 
in  the  concentrations  used.  In  the  presence  of  normal  human  serum,  the  curve 
describing  colony  number  versus  colony  stimulating  activit\  concentration  a[}- 
peared  sigmoid  in  shape  and  was  shifted  to  the  left  and  to  a higher  plateau.  The 
slope  of  the  exponential  portion  of  the  curve  increases  slightly. 

Normal  human  serum  enhances  colony  formation  by  bone  marrow  of  several 
species.  Our  data  suggest  that  serum  modifies  the  activity  of  colony  stimula- 
ting activity  without,  however,  reacting  or  combining  w'ith  it  irreversibly  out- 
side the  cell.  The  net  enhancing  effect  of  normal  humjm  seinm  is  imobably  a 
function  of  other  variables  including  the  levels  of  inhibitoi's  of  colony  formation. 

These  results  suggest  the  possibility  of  enhancing  bone  marrow'  cell  growth 
in  vivo  in  personnel  expKJsed  to  ionii!.ir^  radiation.  Further  work  is  required  to 
elucidate  the  mechanism  of  action  of  seimm  enhancing  factors  and  their  biochem- 
ical properties. 
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CHARACTERISTICS  OF  THE  |N  VITRO  MONOCYTE-MACROPHAGE 
COLONY  FORMING  CELLS  WITHIN  MOUSE  LYMPHOID  ORGANS 

Principal  lnvi!Stiq<ilors;  T.J.MacVittieandT.L.  Weatherly 

I’hc  goal  of  these  studies  is  to  niinimi/e  the  deleterious  effects  ot  radiation 
In  development  of  preventive  or  therapeutic  measures.  Knou  lc<lge  nl  the  mech- 
anisms which  control  proliferation  and  differentiation  of  slmri  and  proueniior 
cells  of  the  white  blood  cell  is  essential  for  the  development  (d  such  measures. 
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The  development  of  an  in  vitro  assay  for  granulocyte-maerophafie  progeni- 
tor cells  of  man  and  animal  has  resulted  in  considerable  knowledge  concerninfi 
the  regulation  of  granulopoiesis.  In  the  mouse,  the  colony  forminj^  cell  has 
been  detected  in  fetal  yolk  sac,  liver,  spleen  and  marrow  as  well  as  the  mar- 
row, spleen,  peripheral  blood  and  peritoneal  exudate  of  the  adult  with  the  no- 
table exception,  however,  of  the  thymus  and  lymphoid  organs.  Here  we  report 
the  detection  of  in  vitro  monocyte-macrophage  colon, \'  forming  cells  within  the 
thymus  and  lymphoid  organs  of  the  mouse.  Cell  suspensions  were  prepared 
from  thymuses,  cervical  and  mesenteric  lymph  nodes,  spleens,  peripheral 
blood  leukocytes  and  bone  marrow  which  were  obtained  from  adult,  male  and 
female  mice  of  strain  Br)|)2Fl  Cum.  The  standard  double  layer  agar  culture 
technique  v\as  employefl.  Extracts  of  pooled  mouse  placentae,  membrane,  and 
gravid  uteri,  mouse  L-cell  conditioned  medium  and  mouse  sera  collected  after 
injection  of  endotoxin  were  used  as  sources  of  colony  stimulating  activity.  The 
specific  factor(s)  necessary  to  induce  colony  formation  from  thymus  and  lymph 
node  cells  was  present  only  in  placentae,  membrane  and  uteri  extract  and  not 
in  mouse  L-cell  conditioned  medium  or  mouse  sera  collected  after  injection  of 
endotoxin.  The  relative  concentrations  of  colony  forming  cells  detected  wdthin 
hematopoietic  and  lymphoid  organs  were  bone  marrow  lS02a:  122,  spleen  63  * 

9,  thymus  32  i 3,  mesenteric  lymph  nodes  22  i 7,  cervical  lymph  nodes  4 i 2 
and  peri]5heral  blood  leukocytes  10  j .'3  per  10*’  B6D2F1  cells  cultured.  Colony 
formation  was  linearly  related  to  the  number  of  thymus  and  lymph  node  cells 
cultured.  Morphologically,  all  of  the  cells  examined  within  thymus-  and  lymph 
node-derived  colonies  have  been  mononuclear,  monocyte-macrophage  type. 
Colony  formation  from  thymus  and  lymph  node  cells,  however,  began  only  after 
an  approximate  S-  to  12-day  lag  period,  respectively,  and  reached  maximum 
numbers  after  21  days  of  culture.  Respective  population  doubling  times  were 
.IT.  6 hours  and  43,2  hours.  Colony  formation  from  bone  marrow  suspensions 
reached  plateau  values  within  10  days  of  culture  v\  ith  the  population  doubling 
every  17.6  hours. 

The  enigmatic  presence  of  these  colony  forming  cells  within  the  thymus  and 
lymph  node  organs  prompted  us  to  examine  additional  characteristics  of  this  cell 
population  in  an  effort  to  determine  their  relationship  to  colony  forming  cells 
detected  within  hematopoietic  organs.  Their  cluster  to  colony  ratio,  survival 
in  the  absence  of  colony  stimulating  factor,  radiosensitivity,  drug  sensitivity, 
fraction  in  cell  cycle  and  response  to  the  enhancing  factor  in  normal  human 
sera  were  compared  to  the  same  parameters  from  bone  marrow  colon\  form- 
ing cells.  Several  changes  were  observed;  fl)  Cluster  to  colony  ratios  were 
bone  marrow  6-S;l,  spleen  1;1,  thymus  and  lymph  node  1:1.  (2i  Thymus  col- 

ony forming  ctdls  were  markedly  less  sensitive  than  bone  marrow  colony  form- 
ing cells  to  the  absence  of  placentae,  membrane  and  uteri  extract  in  culture. 

A 7-dav  absence  of  placentae,  meml)rane  a.iul  uteri  extract  in  th\'mus  cultures 
was  required  to  reac-h  the  .60  ))ercent  decrease  in  colony  formation  noted  in 
bone  marrow  cultures  after  1 da\’  absence  of  placentae,  metnbrane  and  uteri 
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oNtrai'l.  (i!)  Normal  human  sima  onhaiH-od  thymus  and  lymph  nodi-  lolom  lor- 
mation  l>>  respective  t'aetors  of  2.  a.')  and  h.'il  while  hone  marrow,  spleen,  and 
peripheral  blood  leukoeyte  eolony  formation  were  enhanced  In  (aetors  of  1.^2, 
2.2  and  0.72,  respeeli\ ely . Similaritie.s  were  observed  in  (1)  radiosensit iv  it\ 
d)one  marrow,  1),,  itO  rads;  thymus,  l)(,  s.7  rads;  eervieal  lymph  nodes,  I),, 

so  radsi;  (.7)  sensitivity  to  eyloxan;  and  (0)  the  fraction  in  cell  cycle  (th\  mus 
and  bone  marrow  colony  formintt  cells  were  both  inaetivalcd  lO-.lO  ix.*recnt  of 
control  by  hydroxyurea).  These  data  indicated  the  presence  of  a factor (s)  in 
placentae,  ntembrane  and  uteri  extract  capable  of  inducing;  i)roliferation  in  a 
heretofore  undetected  |K>pulation  of  monocyte-macropha;>e  progenitor  cells 
witliin  the  mouse  ly2?)plioid  organs.  Data  have  been  provided  on  the  nature  of 
the  ubiquitous  colony  forming  cell  and  the  possible  effect  of  organ  mici'oenvi- 
ronment  on  determination  of  progenitor  coll  heterogeneity. 

I'hcse  cxperimcnls  pro\  ided  eomparalive  data  on  a heretolore  undeleeled 
white  blood  cell  progenitor  located  in  the  thymus  and  l\  niph  node's  ol  the  mouse- 
Know  ledge  of  the  regulation  of  this  ubic|uitous  cell  and  the  )iroduelion  of  its  es- 
sential product,  the  white  blood  cell,  will  enable  us  to  define  leetter  and  under- 
stand man's  hematologic'al  response  in  a nuclear  weapons  cm  ironmenl. 


HEMATOPOIETIC  STEM  CELL  POPULATIONS  IN  SI/SI*^  MICE 

Pnncipcil  lnvt’stu)c)t(ji  K.  F.  McCarthy 

Knowledge  of  the  mechanisms  initial ing  and  regulating  rcgc-nc-ralion  of 
hematopoietic  tissues  in  the  postirradialed  animal  would  aid  immensely  in  the 
design  of  new  and  more  effective  post  irradiation  therapy  in  man.  A novel  ap- 
I)roach  to  acquiring  such  knowledge  is  th(-  study  of  hematopoietic  mechanisms 
in  animals  carrying  mutations  that  compromise  blood  cell  forming  tissue  rc'- 
gi'iieration  in  the  post  irradiation  state. ^ One  such  animal  is  the  .s|  ?noust-. 

'I'he  Ste(‘l  gene  mutation  (SI)  interferes  with  the  regi-neration  of  )iost irra- 
diated hematoi')oiet ic  tissue,  especially  splenic,  to  such  an  exlen!  that  Sl  SU* 
mice  are  characterizc-d  by  an  Idf^Q/^p  of  130  K as  compaia-d  to  an  l,Dr,o  '<^0 
of  greater  than  000  H for  normal  mice.  Apparently,  the  gene  product  of  the 
Steel  locus  regulates,  in  normal  mice,  colony  for?ning  unit  growth  in  some 
unknown  manner.  I'hereforc',  in  the  pres(-nt  study  a comparison  of  colony 
forming  unit  pojnilation  sizes  in  SI  SU'  and  normal  * • mice  was  undertaken. 
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As  presented  in  Table  2 it  was  found  that  colony  forming  unit  populations  in 
SI  'Sl^  mice,  with  the  exception  of  the  splenic  colony  forming  unit  population, 
were  reduced  in  size.  The  finding  of  a normal  size  splenic  colony  forming 
unit  population  in  Sl/Sl^  mice  was  unexpected.  However,  it  was  reasoned 
that  this  colony  forming  unit  population  in  Sl^Sl^  might  be  maintained  by  an 
auxiliary  long  range  mechanism  possibly  humoral  in  nature  generated  in  re- 
sponse to  the  macrocytic  anemia  suffered  by  these  mice.  This  hypothesis  was 
tested  by  hypertransfusing  the  animals  and  determining  their  colony  forming 
unit  population  sizes.  In  Table  2,  it  can  be  seen  that  this  treatment  drasti- 
cally reduces  the  size  of  the  splenic  colony  forming  unit  population  and  to  a 
lesser  extent  the  marrow  population  of  Sl/Sl^  but  not  * ' mice. 


Table  2.  Colony  Forming  Unit  Population  Sizes  in  WCBfi-Sl/Sl'^ 
and  +/^  Mice 


CFU 

31/^“^ 

l/± 

Femur 

19,500 

(9.7%)* 

39,800 

(15. 

,0%) 

Splenic 

39,000 

(5.7%) 

36,000 

(13, 

.8%) 

Blood 

23 

(-) 

51 

(-) 

♦Value  in  parentheses  is  the  two  hour  seeding  efficiency. 


Table  3.  Colony  Forming  Unit  Population  Sizes  in  Hypertransfused 
WCBB-Sl/Sl'^  and  +/+  Mice 


CFU 

+/+ 

Femur 

12,400 

(15.0%) 

71,500  (8.2%) 

Splenic 

2,500 

(14.7%) 

71,000  (4.2%) 

Blood 

-- 

— 

'I'he  conclusion  rlrawn  from  this  stiuiy  is  that  splenic  stromal  tissue  in 
normal  mice  elaborates  a colony  forming  unit  proliferation  factor  in  response’ 
to  depleted  erythrocytic  differentiation  and  maturation  compartments.  'I'his 
factor  acts  o\er  a very  short  range,  i.e. , is  "local"  in  nature  anel  occupies  a 
central  role  in  the  regeneration  of  hematopoietic  tissue  in  the  post  irradiated 
mouse.  It  is  further  suggested  that  knowledge  gained  from  studying  this  ani- 
mal model  may  be  applied  to  develop  therapeutic  means  for  post irratliat ion 
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SECONDARY  DISEASE,  MITOGEN  AND  COLONY  FORMING  UNIT 
RESPONSES  IN  MICE  GRAFTED  WITH  ALLOGENEIC  BONE  MARROW 
CELLS  ADHERENT  TO  GLASS  BEADS 

Principal  Investigators  M.  R.  Gambrill  and  G.  D.  Ledney 

The  only  treatment  available  to  soldiers  and  civilians  exposed  to  lethal 
irradiation  is  to  engraft  blood  cells  from  other  individuals.  This  work  was 
initiated  with  the  objective  of  obviating  a lethal  reaction,  graft  versus  host 
disease,  which  develops  as  a consequence  of  this  treatment.^ 

It  was  previously  observed  in  this  biboratory  that  acute  graft  versus  host 
disease  in  lethallv  irradiated  mice  may  Ire  obviated  by  engraftment  with  allo- 
geneic spleen  cells  adherent  to  glass  beads.  Consequently,  it  was  hyirothe- 
sized  that  this  technique  might  be  of  value  in  mitigating  delayed  secondary 
disease  (CHA— * C57Rl.''()i  by  the  removal  of  graft  versus  host  disease  produc- 
ing cells  or  their  precursors  from  mouse  Irene  marrow.  CRA  or  crr7BL/6 
b(rne  marrow  cells  were  separated  on  glass  beads  (li.'rO-.'rOO  /jnr  range)  into 
nonadherent  and  adherent  (eluted  with  ().  02  percent  EDTA)  cell  tractions. 

The  folUrwing  tests  wore  perfornred  on  the  separated  marrow;  (1)  mitogenic 
stimulaticrn  with  phytohcmagglutinin  and  1 ipopcrly saccharide,  (2)  in  vitro  and 
in  vivo  colony  forming  cells  and  (li)  murine  survival  studies. 

It  is  known  that  mcruse  Irone  marrow  cells  contain  fewer  ph>  tcrhemagglu- 
tinin  reactive  cells  than  det  mouse  S|rleen  cells.  Separated  bone  marrow  cells 
were  tested  in  vitro  for  their  res|)onsc  to  phytohcmagglutinin  as  well  as  to 
lipo|)olvsaccharide.  A twofold  increase  in  the  phytohcmagglutinin  resiunisc 
v\as  usually  seen  in  the  unsepai’att'd  and  nonadlu'rent  bone  marrou  populations 
when  compared  tfi  the  adherent  cell  (lopulation  (Figure  2).  On  the  other  hand, 
the  adherent  cell  population  generally  maintained  a twofold  or  greater  response 
to  1 ipopoh  saccharidc  over  that  of  whole  hone  marrow  and  the  nonadherent  cell 
population. 
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F'igurt'  2.  Adjusted  counts  per  minute*  of  C57BL/ti  l)onc  marrow 
(2  X lO^/culturcl  labeled  with  thymidine  after  in- 
cubation with  phytohema^f>lutinin  (Pll.-'i  for  .'!  days 


The  in  vivo  stdeen  colony  forminj>  unit  assay  (C’Fl’-s)  and  the  in  vitro 
colony  formin,s>  unit  assay  (C'l'l  -c)  were  performed  on  the  separated  bone 
marrow.  Baseil  on  total  cell  yield  of  each  fraction,  the  jirealest  numbers  of 
C'Fl  -s  and  ('FF;C  were  found  in  the  adherent  po|)ulation.  The  adherent  cell 
contents  (per  10'’)  of  CFF-s  and  C'FF-c  were  similar  to  the  unseparated 
marrow  cell  population.  The  nonadherenl  cell  content  (|)er  10'’)  of  t'Ft  -c 
was  similar  to  the  unseparated  marrow  cell  population  while  there  was  an 
approximate  twolold  increase  in  C’Fl'-s. 

In  preliminary  exiicriments  we  found  an  increased  survival  in  mice  grafted 
with  adherent  cells.  However  in  subsequent  experiments  we  were  unable  to 
reproduce  our  initial  findin)?s.  Fven  thou);h  myeloid  cells  were  present  in  the 
adherent  cell  fraction  and  the  ph>  tohcma^glutinin  I'csponse  decreased,  mice 
eii(;rafte<l  with  this  cell  poi)ulation  died  with  sy mptomatoloijy  of  uraft  \ersus  host 
disease  as  did  mice  ^iven  imseparated  cells.  T'hus,  while  the  technique  of  dif- 
ferential adherence  of  cells  to  <;lass  beads  ma\  be  of  \ alue  in  obviating  acute 
Hi’aft  versus  host  disease,  it  did  not  significantly'  ob\  iate  delayed  secondary 
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disease  in  mice.  The  utility  of  this  procedure  on  marrow  cell  populations  con- 
taining greater  quantities  of  immune  competent  cells,  i.e. , human  bone  mar- 
row, remains  to  be  determined. 


This  work  is  part  of  a research  program  designed  to  find  a successful 
therapy  for  radiation  injury  in  the  soldier.  The  long-term  goal  of  such  work 
is  to  utilize  such  procedures  to  assist  in  therapy  of  combined  injury  and  col- 
lateral damage. 
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INHIBITION  OF  LETHALITY  IN  ENDOTOXIN  CHALLENGED  MICE 
TREATED  WITH  ZINC  CHLORIDE 

Principal  Investigators  S.  L.  Snyder  and  R.  I.  Walker 

Wounds,  burns  and  radiation  injuries  sustained  by  military  jtersonnel  are 
usually  aggravated  by  gram-negative  bacteria  which  produce  endotoxin.  Labil- 
ization  of  lysosomal  membranes  resulting  in  the  release  of  hydrolases  and 
other  mediators  of  inflammation  is  considered  a central  event  in  the  patho- 
genesis of  endotoxin  shock.  Therefore,  agents  known  to  have  a stabilizing 
effect  on  the  lysosomal  membrane  were  tested  for  potential  benefit  in  pro- 
tecting patients  against  endotoxic  shock.  Previous  in\estigators  have  demon- 
strated that  zinc  effectively  stabilizes  lysosomal  membranes.  I'his  finding 
prompted  us  to  investigate  the  use  of  zinc  as  a protective  agent  in  endotoxic 
shock.  We  have  found  that  zinc  chloride  effectively  protects  against  the  lethal 
effects  of  Salmonella  ty|)hosa  endotoxin  in  RbCRFl  mice  (Figure  Ip.  Thus, 
when  mice  are  injected  intraj)eritoneally  with  zinc  chloride  at  a dose  of  f).  lo 
mg/mouse  1 hour  prior  to  challenge  with  endotoxin  (0.7.')  mgi,  the  24-hour 
mortality  was  only  3 percent.  This  compares  with  100  percent  mortality 
found  for  the  untreated  controls.  The  circulating  levels  of  4-glucuronidasc 
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at  20  hours  after  endotoxin  challenge  are  significantly  depressed  (approxi- 
mately 50  percent)  in  mice  protected  with  zinc  relative  to  the  grouj)  not  pro- 
tected with  zinc.  These  results  are  consistent  with  the  notion  that  zinc  pro- 
tects against  the  lethal  effects  of  endotoxin  by  stabilizing  lysosomal  membranes 
and  preventing  the  release  of  their  harmful  contents.  The  present  research 
may  lead  to  the  development  of  better  prophylaxis  and  more  efficient  treatment 
against  endotoxemia,^ 


Figure  3.  Mortality  of  control  and  zinc  treated  mice  versus 
endotoxin  dose 
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RADIATION-INDUCED  ALTERATIONS  IN  SERUM  AND  SPLENIC 
LYSOSOMAL  HYDROLASES  OF  RATS 


Princliidl  Investnjdtor  S.  L.  Snyder 

Exposui’e  to  ionizinj^  radiation  may  cause  military  personnel  to  ex- 
[>erience  periods  of  severe  stress , nausea  and  debilitation.  The  onset  of 
these  symptoms  as  well  as  other  manifestotions  of  radiation  sickness  could 
be  related  to  the  release  of  certain  proteolytic  enzymes,  called  cathepsins, 
from  lysosomes.  In  order  to  examine  the  possibility  that  lysosomal  pro- 
teases might  l)e  an  etiological  factor  in  the  acute  radiation  syndrome,  the 
le\  els  of  cathepsins  B1  and  I)  were  measured  in  the  serum  and  spleen  ho- 
mogenates of  rats  for  a period  of  22  days  following  exposure  to  1000  rads 
*’*^Co  gamma  radiation.  In  addition,  /3-glucuronidase,  an  enzyme  fre- 
quently employed  to  measure  lysosomal  enzyme  release,  was  determined. 
The  median  level  of  serum  S-glucuronidase  was  elevated  only  on  day  -4; 
significant  decreases  occurred  on  days  1,  2 and  9 through  22.  Dramatic 
elevations  in  seiaim  cathepsin  B1  were  observed  through  most  of  the  in- 
vestigation. Tlie  median  cathepsin  B1  value  in  serum  was  significantly  ele- 
vated on  days  3-0  and  9-15.  Splenic  j3-Rlucuronidase  was  increased  on  day 
1,  and  greatly  elevated  on  days  3-7,  after  which  it  declined  toward  normal 
values.  Splenic  cathepsin  D rapidly  decreased  and  remained  depressed. 

A biphasic  increase  in  splenic  cathepsin  B1  on  days  1-4  and  10-22  was 
also  obsened.  I'he  results  of  this  investigation  are  consistent  with  the 
notion  that  activation  and  release  of  lysosomal  hydrolases  may  be  an  im- 
portant pathologic  event  in  the  later  as  well  as  early  states  of  the  acute 
radiation  syndrome.  Three  possible  mechanisms  of  injury  evoked  by 
radiation- induced  changes  in  lysosomal  hydrolases  are  suggested.  The 
results  of  this  investigation  suggest  that  the  release  of  lysosomal  pro- 
teases may  be  a significant  factor  in  radiation- induced  tissue  injury  and 
stress.  Therefore,  the  use  of  agents  designed  to  suppress  the  release 
of  lysosomal  hvdi’olases  and/oj’  inhibit  their  action  offers  promise  in  the 
clinical  management  of  radiation  sickness.  ^ 
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CONTRIBUTION  OF  CIRCULATING  BLOOD  CELLS  TO  SURVIVAL  OF 
MICE  EXPERIENCING  ENDOTOXEMIA 

Principcil  lnvi.'SJi()dtors  R.  I.  Walker,  S.  L.  Snyder,  J.  V.  Moniot,  AFRRI; and  P.  Z.  Sobocinski, 

U.  S.  Army  Medical  Research  Institute  of  Infectious  Diseases 

Gram-negative  bacterial  infections  are  a major  cause  of  death  in  individ- 
uals whose  resistiince  has  been  compromised  by  wounds,  irradiation,  burns 
and  other  stresses.  The  response  of  circulating  blood  cells  to  gram-negative 
infections  is  hypothesized  as  a critical  mechanism  m survival.^  The  hypothe- 
sis that  platelets  and  granulocytes  play  a significant  role  in  mediating  the 
lethal  consequences  of  endotoxemia  associated  with  gram-negative  infections 
was  evaluated  by  studying  responses  to  endotoxin  challenge  in  mice  made 
leukopenic  and  thrombocytopenic  by  irradiation.  Sensitivity  to  endotoxin 
entering  the  circulation  from  the  intestine  was  increased  in  animals  defi- 
cient in  granulocytes  and  platelets.  Alterations  in  blood  enzyme  levels 
measured  during  endotoxemia  were  different  in  nonirradiated  and  irradiated  q 

mice.  The  administration  of  0.4  mg  ZnCl2  or  5 mg  cortisone  acetate  prior  j 

to  challenge  with  a lethal  dose  of  Salmonella  typhosa  endotoxin  provided  sig-  ^ 

nificant  protection  against  the  toxin  in  nonirradiated  mice,  whereas  only  cor- 
tisone protected  the  irradiated  animals.  Failure  of  zinc  to  protect  irradiated  rj 

animals  may  be  due  to  the  absence  of  leukocytes  and  jjlatelets.  This  phenom-  i 

enon  requires  further  study.  Protection  obtained  with  zinc  may  be  due  to  at- 
tenuation of  membrane-related  activities  of  platelets  and  gi'anulocytes.  Zinc  | 

protection  against  endotoxin  challenge  in  nonirradiated  mice  correlated  with  J 

high  blood  levels  of  the  ion.  Administration  of  zinc  increases  the  ninnber  of 
circulating  leukocytes  available  at  the  time  of  endotoxin  challenge,  but  corti- 
sone promotes  a later  recovery  of  leukocyte  numbers.  Plasma  glucose  was 
elevated  in  zinc  treated  mice,  but  this  elevation  did  not  correlate  with  sur- 
vival.  Cortisone  prevented  increased  levels  of  plasma  urea  ordinarily  asso- 
ciated with  endotoxemia.  Zinc  may  enhance  early  damage  to  hepatocytes  in 
endotoxin  challenged  animals.  Cortisone  reduced  late  damage  in  the  liver. 

Cortisone  apparently  protects  sites  of  endotoxin  action  other  than  blood  com-  I 

ponents.  Zinc,  in  contrast,  appears  to  enhance  survival  primarily  tlirough  : 

action  on  circulating  blood  cells.  Therefore,  we  believe  that  platelet  and 
granulocyte  transfusions  may  1h’  useful  in  comV)ating  endotoxemia  in  ixjrson- 
nel  exposed  to  ionizing  radiation. 
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PROTECTION  AGAINST  ENDOTOXIN-INDUCED  MORTALITY  IN  MICE 
TREATED  WITH  TRANSITION  METAL  SALTS 


Prinop  il  lnv(.'Sti(|dtors  S.  L.  Snyder,  R.  I.  Walker  and  J.  V.  Moniot 

When  a |)erson's  natural  resistance  is  compromised  by  various  traumas, 
he  becomes  extremely  susceptible  to  lile-threatenint;  infections  from  his  own 
resident  flora  or  bacteria  from  exot;enous  sources.  'I  he  toxic  a^ent  in  many 
of  these  infections  is  a bacterial  cell  wall  comixment  c alled  endotoxin.  Ii  rad- 
iated  individuals  are  particularly  sensitive  to  this  toxin.  As  part  of  an  c)verall 
program  for  developing  better  prophylaxis  and  treatment  for  radiation  injury, 
the  protective  effect  of  selected  divalent  and  trivalent  cations  against  the  lethal 
effects  of  endotoxin  from  gram-negative  bacteria  was  determined  in  mice. 
Manganese  or  chromium  chloride  salts  given  intraperitoneallv  1 hour  prior 
to  challenge  with  a lethal  dose  of  Salmonella  tNpbosa  endotoxin  c-om|)letely  ])ro- 
tected  against  death  at  18  hours;  other  metal  salts  such  as  iron,  copper,  and 
cobalt  were  not  effective  (Table  1).  It  is  ixjssible  that  the  mechanism  of  pro- 
tection by  mangimese  chloride  is  related  to  the  attenuation  of  the  release  of 
lysosomal  mediators.  Chromium  chloride,  on  the  other  hand,  mav  directly 
attenuate  the  toxicify  of  the  endotoxin  molecule.  These  metals  ma\  be  uselul 
in  determining  the  mechanisms  associated  with  the  action  of  endotoxin  and 
could  also  be  useful  as  theraixjutic  agents  against  the  toxin.  Thus,  studies 
with  manganese  and  chromium  can  lead  to  better  treatment  of  the  endotoxemia 
associated  with  gram-negative  infections  in  human  patients. 

Tabic  4.  Mortality  of  BGCBFl  Mice,  at  48  Hours,  Treated  With  X’arious 
Metal  Salts  and  Challenged  With  Salmonella  typhosa  Kndotoxin^ 
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MITOGENIC  AND  COLONY  FORMING  UNIT  RESPONSES  OF  SPLEEN  CELLS 
FROM  MICE  ENGRAFTED  WITH  LEWIS  LUNG  CARCINOMA  CELLS 


Pfifiopal  Investiydtors  G.  D.  Ledney.J.  V.  Moniot,  M.  R.  GambriU  and  T.  J.  MacVittie 

The  induction  of  malignant  disease  hy  radiation  either  alone  or  in  combi- 
nation with  other  severe  sti'esses  is  a critical  collateral  damage  problem. 

The  mechanisms  underlying  the  host's  resixmses  tx>  maligmmcy  are  not  well 
known.  Thus  an  integrated  study  of  the  host's  hematocytopoietic  res{X>nses  to 
maligmmcy  was  undcrLil-;en  with  the  aid  of  an  animal  model.'  Understanding 
and  interpreting  these  responses  is  of  critical  value  in  determining  (1)  treat- 
ments that  might  obviate  maligmmt  cell  induction  or  (2)  treatments  that  will 
assist  in  the  cure  of  the  malignancy. 

Certain  nonleukemic,  solid  animal  and  human  tumors  not  directly  involved 
with  the  hematopoietic  system  are  known  to  affect  indirectly  the  various  cellu- 
lar compartments  of  the  system.  One  such  tunior,  the  I^wis  lung  (3LL)  trans- 
^ plantable  carcinoma,  produces  splenic  enlargement  in  mice  engrafted  subcuLa- 

' neously  with  a tumor  cell  inoculum.  Thus,  we  hypothesized  that  tlie  splenic  en- 

largement was  associated  with  myelocytopoietic  and  lymphocytopoietic  changes 
that  were  dependent  on  (1)  initial  3LL  cell  load,  (2)  time  after  engTiiftment  with 
3LL  cells  and  (3)  engrafted  mouse  strain. 

The  hypothesis  was  tested  by  engrafting  both  C57BL/6  male  and  BlJCBI'l 
male  mice  with  either  10  5 x 10 ' or  2 x 10^  viable  31-L  tumor  cells.  Con- 

ti'ol  treated  mice  received  either  no  tumor  cells  or  2 x 10^  irradiated  3LL 
cells.  On  days  3,  7 and  14  after  subcuLaneous  engTaftment,  the  following  re- 
sponses were  measured  simultaneously  in  replicate  exi)eriments;  splenic 
enlargement  and  histologic  a|)i)carancc;  spenic  lym|)hocvte  responses  to  phyto- 
hemagglutinin and  to  lipopolysaccharide;  :ind  splenic  cell  colony  forming  unit 
potentials  as  measured  by  the  CFU-s  and  CFU-c  assays. 

In  all  tumor  cell  engrafted  mice,  the  splenic  weight  was  greater  than  that 
seen  in  control  untreated  mice.  In  each  strain,  the  splenic  weight  increase  was 
■'  dependent  on  the  number  of  engrafted  tumor  cells  and  the  time  after  engraft- 

ment.  Hyperplasia  of  the  reticuloendothelial  system  was  observed  at  all  tumor- 
c'cll  doses  at  all  time  inteiwals.  Reticuloendothelial  system  hyperplasia  tended 
to  increase  as  a function  of  time  and  tumor-cell  dose. 

The  incorix)ration  of  tritiated  thymidine  into  splenic  lymphocytes  stimu- 
lated with  phytohemagglutinin  was  reduced  in  all  mice  engrafted  with  tumor 
cells  (Table  3).  There  was  a strain  difference  in  response  to  this  mitogen 
that  was  dependent  upon  the  tumor-cell  load  and  time  after  tumor-cell 
engraftment. 
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Table  5,  Counts  Per  Minute  (x  10^)  of  PllA-Stimulated  Spleen  Cells 

Obtained  From  Mice  After  Engraftment  With  3LL  Carcinoma 
Cells* 


DAYS  AFTER 
ENGRAFTMENT  WITH 
3LL  TUMOR  CELLS 

— 

NUMBER  OF  3LL  CELLS  INJECTED  S.C.  INTO  MICE 

AVERAGE  CPM 
PER  DAY  OF 
ENGRAFTMENT 

0 

IRRADIATED 
2x  10^ 

1 X 10^ 

5 X 10^ 

2 X 10® 

i 

3 

534  * 47 
(4) 

374  * 37 
(4) 

303  * 74 
(4) 

323  » 56 
(4) 

246  * 67 
(4) 

356  * 32 
(20) 

7 

494  * 61 
(4) 

440  * 57 
(4) 

405^  38 
(4) 

414  * 27 
(4) 

360  * 66 
(4) 

423  * 23 
(20) 

14 

' 

510  * 39 
(4) 

389  * 60 
(41 

481  * 50 
(41 

... 

402  * 45 
(4) 

242  * 40 
(4) 

405  * 29 
(20) 

AVERAGE  CPM  PER 

513*26 

401  * 28 

396  * 37 

379  * 28 

283  * 35 

ENGRAFTED 

TUMOR-CELL  DOSE 

(12) 

(12) 

(12) 

(12) 

(12) 

* EACH  VALUE  IS  THE  MEAN  * S.E.  OF  THE  MEANS  OF  TWO  TRIALS  EACH  WITH  C570I/6  AND 
BGCBFl  MICE.  NUMBER  IN  ( I IS  THE  NUMBER  OF  TRIALS. 


Tritiated  thymidine  incorporation  into  splenic  hmiphocytes  stimulated 
with  liixipolysaccharide  was  increased  in  all  mice  engrafted  witli  tumor  cells. 
There  was  a difference  in  mouse  strain  responses  to  lipopolysaccharide,  but 
no  differences  were  as.sociated  with  the  various  tumor-cell  doses  :uid  times 
after  engraftment. 

The  numlier  of  CFU-s  was  marginally  increased  and  was  dependent  upon 
the  dose  :uid  time  of  tumor-cell  administration  and  the  mouse  strain  engrafted. 
CFU-c  growth  of  si)leen  cells  obUiined  from  tumoi'-cell  engrafted  mice  was 
inc-reased  at  all  time  intervals  and  tumor-cell  doses  tested.  Generally,  Uie 
CFU-c  growth  of  the  spleen  cells  of  I)oth  mouse  strains  injected  with  tumor 
c-ells  increased  as  the  tumor  cell  dose  and  time  increased  (Tal.)le  (>). 

MyeUx-ytopoietic  and  lyjuplKX'ybipoietic  clnuiges  oljserved  in  the  splenic 
cell  populations  of  mice  engrafted  with  the  31,1,  carcinoma  were  ilepcndent  on 
(1)  initial  tumor-cell  load,  (2)  time  after  cngraftment  with  tumor  cells  and 
(3, 1 engrafted  mouse  strain.  'I’lie  data  supix)rt  the  contention  that  in\ cstigators 
using  31.1,  tr.'insplanUiblc  can  inonia  systems  designed  to  I'valuatc  (.ural)ilit>' 
of  i)rimai’>'  tumors  :uid^oi-  lung  metastasis  by  either  chemotheraijy , radiother- 
apy, f>r  adoptive  immunotherapy  should  consider  the  above  obsenations  when 
interpreting  their  data. 
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Table  6.  Agar  Colonies  (CFU-c)  Formed  Per  10^’  Spleen  Cells  Obtained 
From  Mice  After  Engraftment  With  3LL  Carcinoma  Cells* 


DAYS  AFTER 
ENGRAFTMENT  WITH 
3LL  TUMOR  CELLS 

NUMBER  OF  3LL  CELLS  INJECTED  S.C.  INTO  MICE 

AVERAGE  NO.  CFU-c 

0 

IRRADIATED 

2x10® 

1 X 10^ 

5x  10“ 

■ 

2x  10® 



PER  10®  SPLEEN 
CELLS  PER  DAY  OF 
ENGRAFTMENT 

24*3 

61  « 33 

^ 

37*  1 

40*0 

— 

83*26 

50*  to 

(2) 

(2) 

(2) 

(1) 

(2) 

(9) 

20  ^9 

66*31 

31  * 13 

60*32 

81  *40 

51  * 12 

(31 

(31 

(3) 

(3) 

(3) 

(15) 

19*5 

100  * 15 

24*6 

78  * 13 

102  * 17 

65*  10 

14 

(4) 

(4) 

(4) 

(41 

(4) 

(201 

AVCRAGt:  NO.  CPU  s 
PER  10® SPLEEN 

20  * 3 

80  * 14 

29*5 

67  * 13 

91  * 15 

CELLS  PER  DOSE  OF 
ENGRAFTED  TUMOR 

(9) 

(9) 

(9) 

(91 

(9) 

CELLS 



* EACH  VALUE  IS  THE  MEAN  * S.E.  OF  THE  MEAN  OF  THE  NUMBER  OF  EXPERIMENTS 
LISTED  IN  ( ) AND  IS  BASED  ON  AT  LEAST  ONE  TRIAL  WITH  C57BI/6  AND  B6CBF1  MICE. 


This  work  is  part  of  a collateral  damage  research  program  designed  to 
understand  the  blood-forming  tissue  alterations  produced  by  substances  re- 
leased from  nonblood  cell  formed  malig-nancies.  The  long-term  practical 
goal  of  such  work  is  to  utilize  such  substances  to  promote  blood-cell  recovery 
in  soldiers  after  exposure  to  radiation  or  cytotoxic  dings. 
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MATURATION  AND  DIFFERENTIATION  OF  IMMUNE  COMPETENCE 
IN  MOUSE  RADIATION  CHIMERAS 


Principal  Investigators  R.  M.  Crawford  and  G.  D.  Ledney 

Military  personnel  exposed  to  lethal  doses  of  radiation  may  only  be  res- 
cued from  death  by  bone  marrow  cell  replacement.  Such  replacement  therapy, 
when  successful,  results  in  recovery  of  the  immune  system  that  is  not  similar 
to  that  found  in  the  host  prior  to  exposure  to  radiation.  This  research  then  is 
part  of  a program  to  identify  the  problems  of  immune  restoration  in  individuals 
exposed  to  radiation  alone  or  in  combination  with  other  stresses. 

Radiation  chimeras,  lethally  irradiated  animals  transplanted  with  hemo- 
poietic cells,  will  survive  indefinitely  if  donor  and  host  animal  are  genetically 
similar  (syngeneic).  However,  genetic  differences  between  donor  and  host  ani- 
mal usually  lead  to  complications,  such  as  graft  versus  host  disease  and  infec- 
tion, which  culminate  in  the  death  of  the  host.  Immune  recovery,  important  to 
the  health  and  survival  of  these  animals,  may  be  impeded  by  such  complications. 
Therefore,  we  hypothesized  that  recovery  of  a fully  competent  immune  system 
in  the  host  animal  is  dependent  on  donor  and  host  histocompatibility'. 

Reconstitution  of  immune  competence  was  studied  in  CBA  (H-2  i and 
(C57BI.  OxCBAiI-'i  dl-2^  x H-2*')  mice  following  lethal  irradiation  and  engraft- 
ment  of  5x10*’  CBA  bone  marrow  cells.  At  monthly  intervals,  for  three  succes- 
sive months,  following  engraftment,  immune  reactivity  of  s])leen  cells  harvested 
from  chimeras  was  measured  by  (1)  in  vitro  res))onsiveness  to  phytohemagglu- 
tinin and  lipopolysaccharide,  (2)  in  vitro  mixed  lymphocyte  reaction,  (5)  in  \ i\o 
graft  versus  host  reaction,  and  (4)  skin  allograft  rejection. 


Maturation  of  immune  reactivity  occurred  faster  in  syngeneic  chuneras 
than  in  semiallogeneic  chimeras  as  observed  by  the  higher  levels  of  phytohe- 
magglutinin and  lipopolysaccharide  stimulation  1 month  after  transplantation 
(Figure  4).  However,  3 months  after  transplantation,  the  two  groujjs  were  in- 
distinguishable in  their  responses  to  mitogens  and  third  party  (BA LB  ('  H-2^i 
antigens.  Still,  responses  were  only  60-70  percent  of  normal  CB.\  controls  by 
3 months.  Spleen  cells  from  semiallogeneic  chimeras  were  unresponsive,  or 
tolerant,  to  host  (B6CBF1)  C57BLA!  H-2  antigens  when  tested  in  the  mLxed 
lymphocyte  reaction  and  graft  versus  host  reaction.  Likewise,  when  these 
spleen  cells  were  tested  against  parental  C57BLA!  H-2  antigens,  the  mixed 
lymphocyte  reaction  and  skin  allograft  rejection  test  supported  the  idea  that 
these  cells  were  tolerant  to  C57Biy(i  H-2  antigens.  However,  the  graft  versus 
host  reaction  supported  the  idea  that  these  cells  were  immunologically  res}xm- 
sive  to  C57BL/6  H-2  antigens.  To  summarize,  the  reconstitution  of  immune 
competence  and  ultimate  immunological  status  of  both  types  of  chimeras 


2s 

- - ^ 


1 


appeared  to  be  similar,  except  for  the  specific  unresponsiveness  of  host 
(BfiCBFl)  C;j7BLA)  H-2  antigens  induced  in  the  seiniallogeneic  combination. 


cells  (SPC)  stimulated  with  either  phytohcmagglutinin  (PHA) 
or  lipopolysaccharidc  (LPS).  The  symiiols  and  lines  used 
are  (1)  o o chimeric  CBA  SPC  and  PHA,  (2)  • • chi- 
meric BttCBFl  SPC  and  PHA,  (3)  c a chimeric  CHA 

SPC  and  LPS  and  (4)  ■ — ■ chimeric  BttCBFl  Sl’C  and 
LPS.  Normal  CBA  spleen  cell  responses  to  PHA  and 
LPS  d]  are  presented  in  the  figure.  Kach  point  repre- 
sents the  mean  of  two  replicate  experiments  ± S.  F.  Tripli- 
cate cultures  were  performed  for  each  point  in  each 
replicate. 


This  work  is  part  of  a research  jn-ogTam  designed  to  investigate,  under- 
stand and  resolve  the  immunological  problems  associated  with  accidental  or 
intentional  exposure  to  ionizing  i-adiation  in  milikirv  personnel.  'Die  long- 
term practical  goal  of  this  work  is  to  use  bone  marrow  replacement  thcrapv 
to  abate  immune  dysfunction  and  its  precipitiiting  cojniilications  in  the  radia- 
tion injured  soldier. 


PERITONEAL  MACROPHAGE  CHEMOTAXIS  AND  ACCUMULATION 
IN  MICE  INJECTED  WITH  LEWIS  LUNG  CARCINOMA  CELLS 


Principal  Investigators  J.  M.  Shell,  R.  M.  Crawford  and  G.  D.  Ledney 

Tumor  development,  especially  in  the  lunf^,  is  one  of  the  likely  complica- 
tions of  radiation  injury  in  the  soldier.  We  used  the  m vitro  macrophat^e  chem- 
otaxis  assay  to  investigate  changes  in  macrophage  migration  capability  whicli 
occur  in  the  host  undergoing  maligiiancy.  In  neoplasia,  the  inhibition  of  chem- 
otaxis  may  be  responsible  in  part  for  establishment  of  a tumor  in  the  host. 

We  hypothesized  that  peritoneal  macrophages  of  tumor  cell  injected  mice  were 
less  capable  of  chemotaxis  than  normal  macrophages,  despite  an  overall  in- 
crease in  number. 

This  hypothesis  was  tested  by  using  the  Lewis  lung  (3LL)  carcinoma,  main- 
tained in  C57BL/6  mice.  Experimental  groups,  each  containing  12  C57BL/G 
male  mice  aged  10-12  weeks,  were  inoculated  subcutaneously  with  either  2 x 
10'^’  viable  3LL  cells,  1 x 10^  viable  3LL  cells,  or  2 x 10^  irradiated  3LL  cells. 
On  days  3,  7,  and  14  after  injection  with  tumor  cells,  we  measured  the  follow- 
ing: (1)  in  vitro  chemotaxis  and  (2)  number  of  peritoneal  macrophages  recov- 
ered. The  calculated  chemotactic  response  (the  number  of  macrophages  per 
mouse  capable  of  chemotaxis)  was  estiniated  by  dividing  the  number  of  macro- 
phages collected  by  the  number  used  in  the  assay  and  multiplying  tliat  figure  by 
the  in  vitro  chemotactic  response. 

The  in  vitro  chemotactic  response  was  dependent  on  the  dose  of  3LL  cells 
injected  into  mice  and  the  time  of  macrophage  collection  after  injection.  The 
response  was  depressed  in  all  groups  on  day  3.  On  day  7,  the  I’esjxjnse  re- 
mained depressed  in  each  group  but  to  a lesser  extent  than  on  day  3.  On  day 
14,  chemotaxis  was  enhanced  in  mice  given  2 x 10"’  viable  or  irradiated  3LL 
cells,  while  that  of  the  low  dose  tumor  cell  injected  group  remained  near  that 
seen  on  day  7. 

We  obsejwed  a slight  increase  in  peritoneal  macrophage  accimuilation, 
which  was  most  noticeable  in  mice  given  2 x lO"*  viable  3 LL  cells  (Tai)le  7i. 

This  increase,  however,  did  not  significantly  vary  from  normal. 

We  combined  the  m vitro  chemotaxis  measurement  with  peritoneal  macro- 
phage accumulation  to  determine  the  caU'ulated  clieinotactic  response.  Tliis 
reflects  more  ;iccurately  c-hanges  in  macrophage  function  in  the  host.  In  mic-e 
given  2 x 10’’  vial)le  3LL  cells,  the  res|3onse  was  deiJiesscd  37  ixu’cent  on  dav 
3 and  21  (Percent  on  day  7,  but  was  enhanced  :">3  jK-'roent  by  da\  11.  In  mice 
given  1 X 10*  vi:ible  3I.L  cells,  the  resfxmsc  was  depressed  31  |)cri  cnt  on  day 
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3,  44  percent  on  day  7,  and  27  percent  on  day  14.  In  mice  given  2 x 10  irra- 
diated 3LL  cells,  the  response  was  inhibited  35  percent  on  day  3,  5 percent  on 
day  7,  and  was  enhanced  23  percent  on  day  14  (Table  8). 


Table  7.  Peritoneal  Macrophage  Accumulation  in  C57BL/6  Mice 
Engrafted  With  Lewis  Lung  (3LL)  Carcinoma  Cells* 


Group 

Number  of  macrophages  collected/ 
mouse  (x  10®)* 

Day  3 

Day  7 

Day  14 

2 X 10^  viable  3LL  cells 

2.80  ± 0.17 

2.60  ± 0.20 

2.55  ± 0.17 

1 X 10^  viable  3LL  cells 

2.53  ± 0.34 

2.30  ± 0.10 

2.57  ± 0.  07 

2 X 10®  irradiated  3LL  cells 

2.33  ± 0.39 

2.45  ± 0.25 

2.27  ± 0.18 

Normal,  untreated 

2.23  ± 0.24 

2.20  + 0. 10 

2.17  + 0.13 

* Represents  the  mean  S.E,  per  mouse  from  three  replicates;  determined 
from  a sample  of  peritoneal  fluid  pooled  from  three  mice  per  group  for 
each  replicate 


Table  8,  Peritoneal  Macrophage  Chemotactic  Response:  A Comparison 
Between  the  ^ Vitro  Chemotaxis  Measurement  and  the  Calcu- 
lated Chemotaxis  Determination 


Group 

Days 

In  vitro 

CRI* 

Calculated'*^ 

CRI 

2 -X  10'’  vialile  31.L  cells 

3 

255  ± 

19 

0.51 

1779 

0.63 

7 

373  ± 

5 

0,  GO 

2457 

0,79 

11 

813  ± 191 

1.42 

5422 

1.53 

1 X lo’  vialjle  31, L cells 

3 

2(M  i 

20 

0.41 

1294 

0.46 

7 

318  i 

38 

0.50 

1845 

0. 56 

14 

370  ± 

27 

0. 02 

2368 

0.73 

2 X lO'®  irradiated  31, L 

3 

312  ± 

18 

0.63 

1841 

0. 65 

'■ells 

7 

177  + 

02 

0.  84 

2948 

0.95 

1) 

713  -t 

.50 

1.20 

3990 

1.23 

Niinual,  nntreaU  1 

3 

1 07  -t 

11 

1,00 

2825 

1.00 

7 

i 

20 

1.  00 

3102 

1.00 

1 1 

505  4 

53 

1.00 

3243 

1.00 

• cm  i la  motai  tic  response  index,  determined  by  dividing  the  exper- 
iinent.d  eheiiiolaetu  res|-Kmse  by  the  normiU  chemotactic  response, 
rite  calcii'atcd  i heniotactlc  resixinse  reflects  the  total  number  of  peri- 
toneal mai  rophages  on  a ikt  mouse  basis  that  are  capable  of  responding 
in  the  . hemot-ixis  assay,  as  determined  bv  combining  the  accumulation 
’•e.siK  nse  and  thi'  m \ itro  i hemoUeds  response. 
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In  conclusion,  we  observed  a significant  inhibition  of  peritoneal  macro- 
phage chemotaxis  at  the  initial  stages  of  tumor  development,  followed  t)y  an 
increased  chemotac-tic  capability-  in  later  stages  of  tumor  growth.  Thus,  while 
normal  or  enhanced  chemotactic  resix>nses  may  be  measured  during  later 
stages  of  tumor  grf)wth,  the  earlier  suppression  of  this  macrophage  function 
may  allow  for  the  initial  establishment  :uid  continued  growth  of  a tumor  in  the 
host. 

The  long-term  complications  of  radiation  injury  in  the  soldiei-  are  fre- 
(luently  characterized  by  the  developnient  of  various  malignancies,  csjxjcially 
lung  tumors.  Thus,  one  of  our  ])rimary  objectives  in  this  study  was  to  moni- 
tor one  asiject  of  macrophage  involvement  in  die  host's  delense  against  neo- 
plasia ;uid  to  apply  this  information  to  the  detection  and  treatment  of  these 
radiation  injury  complications  in  the  soldier. 


CYCLOTRIMETHYLENETRINITR AMINE-INDUCED  ULTRASTRUCTURAL 
CHANGES  IN  RAT  LIVER  AND  KIDNEY 

Pmu.'iMl  lnvpsi/(),!lo/s  J-  E.  French,  S.  L.  Bradley,  N.  R.  Schneider.  AFRRI:  M.  E.  Andersen 
and  L.  J.  Jenkins,  Jr.,  Nava!  Medical  Research  Institute 

('yclotrimcthy  lenetrinitraminc  (U1)X)  is  used  as  an  exiilosivc.  I he  manu- 
facture and  formulation  of  UDX  poses  an  occupational  hazard  and  is  a jiotential 
enviromnental  conUuninant  when  it  is  used. 

The  toxicity,  tissue  distribution,  and  mchibolism  of  HliX  liave  been  stud- 
ied. Yet  little  infoi-mation  is  available  on  morphological  changes  that  might 
be  atti'iliuted  to  it.  because  UDX  is  a potential  occupational  or  enviroiunental 
cont:uninant,  sui-h  inlormation  is  necessar\  for  the  o\-crall  eiakiation  ol  Ul)X 
toxicitv.  The  ultrastructure  of  rat  liver  and  kidnev  was  i-xamined  ‘d  1 , !>  and 
120  hours  after  dosing  will;  loo  mg  of  Ul)Xd^g■  per  os.  t oinentional  transmis- 
sion electron  mii  rographs  revealed  hep,atoc\  tes  w ith  dilation  of  the  rough  endo- 
plasmic retii’ulum,  mitochondrial  swtdling,  and  the  prcseiK  t-  ol  concentric 
mcmliiant'  arravs  2 1 hours  alter  UDX  administi  alion.  Ucnal  ultrastructural 
altei'alion  was  apparently  restricLeii  l<>  Ihe  distal  ( onv()luled  tuluilar  i-r  11s.  No 
consisUnt  variation  in  ultrastructure  \\;is  ob, served  in  '..lomemlar  cells,  prox- 
imal ci'nvoluted  tubuhii'  cells,  aiul  collectu';;  lubulai'  (oils.  I ho  prt'senci'  ol 


eiythrocytes  in  the  nepliron  tubules  indieated  hematuria.  By  18  hours,  hepato- 
cyte  alteration  was  similar  and  of  the  same  maj;aiitude,  except  lor  the  prolifer- 
ation of  smooth  endoplasmic  reticulum.  No  consistent  effects  were  observed 
on  renal  ultrastructure  at  18  or  120  hours.  At  120  hours,  the  characteristic 
hepatocyte  alterations  as  described  above  persisted  and  smooth  endoplasmic 
reticulum  proliferation  had  increased  dramatically.  HDX  effects  on  renal  tis- 
sues at  this  dose  level  were  minimal  and  transient,  whereas  hepatocyte  alter- 
ation persisted,  with  the  proliferation  of  smooth  endoplasmic  reticulum  a 
dominant  feature,  indicating'  the  possible  induction  of  the  mixed  function  oxi- 
dase system. 

In  order  to  develop  diagnostic  tests  and  methods  of  ti’eatment  it  is  neces- 
sary to  understand  the  mechanism  of  toxicity  and  pathogenesis.  In  order  to 
meet  these  goals  and  to  aid  in  establishing  allowable  em  iromnental  levels,  the 
RDX- induced  liver  mid  kidney  ixithology  was  studied  in  this  animal  model  system. 


TOXICITY  OF  POLYCHLORINATED  BIPHENYLS  TO  EUGLENA  GRACILIS: 

CELL  POPULATION  GROWTH,  CARBON  FIXATION,  CHLOROPHYLL  LEVEL, 

OXYGEN  CONSUMPTION,  AND  PROTEIN  AND  NUCLEIC  ACID  SYNTHESIS 

Principal  Invfistiy.itors  tV.  G.  Ewdfd,  J.  E.  French,  AF R Rl,' snd  M.  A.  Champ, 

American  University 

Combined  damage  resulting  from  irradiation  and/or  chemical  exposure  is 
of  utmost  concern  to  tlie  milibiiy.  Accidental  inti’oduction  of  chemicals  into  j 

our  env'ironment  can  cause  both  ecological  damage  that  is  severely  felt  and  un-  j 

desirable  toxic-  reactions  and/or  body  burdens  in  both  miliLary  personnel  and 
collaterally  involved  civilian  jxipulations.  It  is  imporUmt  to  monitor  the  effects 

of  potential  contaminants  and  to  develop  model  systems  in  order  to  study  and  | 

establish  threshold  levels  for  such  contaminants. 

Populations  of  Kuglcna  gracilis  in  exponential  growth  under  light  were  ex- 
posed to  2.0,  .1.0,  7.1  ;md  10  ppm  of  Aroclor  1221  (a  mixture  of  polychlorinated 
biphenyls).  The  Aroclor  1221  was  estimated  to  be  1.1  ppm,  while 

Aroclor  1232  tested  at  20,  31,  10  and  100  ppm  resulted  in  an  ID50/I8 
With  Aroc-lor  1212,  no  inhibition  of  growth  was  observed  with  up  to  100  ppm  ex- 
posure. Cell  cultures  exposed  to  1.  1 ppm  of  Aroclor  1221  for  18  hours  had  a 
significantly  reduced  rate  of  carbon  fixation  and  reduced  levels  of  chlorophyll 
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after  correction  for  cell  density.  Oxygen  consumption  was  not  affected  at  the 
ID50  level  of  the  Aroclor.  Uptake  of  [*^Hj -leucine  in  treated  culture  was  twice 
that  of  controls,  and  [^H]-uridine  uptake  was  significantly  lower.  Uptake  of 
[^H] -thymidine  and  incorporation  of  [^H]-leucine,  [^H] -thymidine,  and  [^H]- 
uridine  were  not  significantly  different  in  treated  and  control  cultures.  These 
results  suggest  that  at  the  ID50  level,  polychlorinated  biphenyls  reduce  cell 
population  growth  in  Euglena  gracilis  by  inhibition  of  photosynthesis  and/or 
chlorophyll  production.! 

An  inexpensive  and  rapid  screening  method  for  potential  toxic  environmen- 
tal chemical  compounds  used  by  military  organizations  is  of  great  importance 
in  case  such  compounds  are  accidently  introduced  into  the  environment.  To 
meet  these  requirements,  such  a method  was  developed  using  the  aquatic  pro- 
tozoan Euglena  gracilis  as  a sensitive  indicator. 
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EFFECTS  OF  DDT  AND  POLYCHLORINATED  BIPHENYLS  ON 
CELLULAR  METABOLISM  AND  ULTRASTRUCTURE  OF  CRITHIDIA 
FASCICULATA,  A FLAGELLATED  PROTOZOAN 

PtitK  i|>hI  lnvesti'),itors  J.  E.  French,  AFRRI; and  J.  F.  Roberts, 

North  Carolina  State  University 

The  morbidity  due  to  b(xly  burdens  of  environmental  chemical  contami- 
nants in  stressful  situations  is  of  jx)tential  imporUince  but  has  received  little 
attention.  Since  the  mcehanissufs)  of  toxicity  to  most  chemical  contamimuits 
is  unl-;nown,  tliis  information  must  be  acquired  in  order  to  test  ;md  evaluate 
potential  toxic  chemicals. 


Iti  a prev  ious  report,  DDT  ;ind  polychlorinated  biphenyls  (PCBs)  have  been 
shown  to  be  toxic  to  Crithidia  faseiculata  by  inhibition  of  cell  population  growth. 
These  results  suggested  that  further  studies  were  required  for  understanding 
the  cell  population  growth  inhibition.  Blnergy  metabolism,  protein  and  nucleic 
acid  Ijiosynthesis,  and  ultrastructure  were  chosen  as  indices  for  determining 
tlie  metabolic  site(s)  of  this  inhibition.  DDT  had  no  effect  on  [ ^"^C]  carbon 
dioxide  evolution,  whereas  PCB  exposure  caused  a transient  inhibition  and 
then  stimulation  after  (>  and  21  houi’s,  respectively.  After  (i  hours  exposure 
to  DDT  or  PCB,  inhibition  of  both  uptake  and  incorporation  of  thymidine  and 
uridine,  Ijut  not  of  I. -leucine,  was  obseiwed.  By  24  hours  of  PCB  exp)osure. 
uptake  and  incorporation  of  these  three  radioprecursors  was  two  to  three 
tunes  greater  than  conti’ol.  After  24  hours  DDT  exposure,  only  thymidine 
uph'iJvc  and  incorporation  exhibited  such  an  increase.  Ultrastructural  changes 
induced  by  these  compounds  included  cellular  and  mitochondrial  swelling  dis- 
ruption of  the  mitochondrial  genophore,  and  failure  of  tlie  mitochondrion  to 
rc{)licate  in  synchrony  with  cell  division.  It  is  concluded  that  the  initial  DDT 
or  polychlorinated  bijjhenyl  inhibition  of  nucleic  acid  biosynthesis  and  subs<‘- 
(pient  loss  of  cell  regulatory  capacity  causes  the  decrease  in  cell  population 
growtli,- 

An  inexpensive  and  rapid  screening  method  for  toxic  chemical  compounds 
used  by  militiiry  organizations  is  of  great  importance.  To  meet  these  reciuire- 
ments,  such  a method  was  developed  using  the  protozoan  Crithidia  faseiculata. 
These  studies  provide  necessary  information  for  recognizing  toxic  agents  and 
a basis  for  studying  morbidity  due  to  toxic  reactions. 
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VINYLIDENE  CHLORIDE-INDUCED  ULTRASTRUCTURAL 
CHANGES  IN  RAT  LIVER 


Principal  Investigators  J.  E.  French.  AFFtRI;  M.  £.  Andersen  and  L.  J.  Jenkins,  Jr., 

Nava!  Medical  Research  institute 

Vinyl  chloride  and  vinylidene  chloride  (1, 1-dichloroethylene,  UCE)  are  | 

closely  related  chemicals  and  are  known  occupational  and  environmental  con-  > 

taminants.  These  toxic  compounds  have  been  identified  in  submarine  and 
space  craft  environments  and  are  of  military  importance.  The  pathobiolog-  i 

ical  effects  after  oral  administration  of  DCE  (in  corn  oil)  to  fasted  male 
Holtzman  rats  were  determined  by  correlating  the  ultrastructural  damage  i 

to  the  liver  with  changes  in  the  serum  levels  of  glutamic- pyruvic  transam- 
inase (SGPT)  and  glutamic-oxaloacetic  transaminase  (SCOT).  In  a completely 
randomized  study,  fasted  rats  received  a single  oral  dose  of  40  or  80  mg 
DCE/kg  of  body  weight.  After  0,  1,  2,  4,  and  8 hours,  SGPT  and  SGOT  val- 
ues were  determined  and  liver  tissue  samples  were  immersion  fixed  in  3 per-  j 

cent  cacodylate  buffered  glutar aldehyde,  postfixed  in  osmium  tetroxide  and  *■ 

prepared  by  conventional  electi’on  microscopy  methods. 

SGPT  and  SGOT  values  increased  dramatically  according  to  dosage  and 
time  of  exposure  in  a linear  manner,  which  indicated  significant  hepatic  dam- 
age. The  appearance  of  myelin-like  bodies  occurred  at  a similar  frequency 
in  both  control  and  treated  rats.  Control  rats  were  also  characterized  by 
slightly  dilated  rough  endoplasmic  reticulum  and  perinuclear  cisternae.  How-  ] 

ever,  DCE-exposed  rats  showed  significant  dilation  of  the  rough  endoplasmic  j 

reticulum,  loss  of  ribosomes,  mitochondrial  swelling,  loss  of  cristae  and  ] 

chromatinolysis  in  a dose  and  time  related  manner.  Margination  of  the  chro- 
matin along  the  nuclear  envelope  (chromatinorrhexis)  did  not  occur  within  this  j 

time  period  of  exposure  and  dosage  of  DCE.  DCE  is  a very  hepatoxic  xcno-  ' 

biotic  and  its  pathobiology  may  be  different  according  to  the  route  of 
administration. 

In  order  to  develop  diagnostic  tests  and  methods  of  treatment,  it  is  neces-  | 

sary  to  understand  the  meclumism  of  pathogenesis.  To  meet  these  goals  the 
mechanisms  of  vinyl  and  vinylidene  chloride  toxicib,’  and  pathogenesis  are 
being  studied  in  this  animal  model  system. 


CUMULATIVE  RADIOACTIVITY 

p*«cer>t  of  total  radiOoctiviFy  odmmistered) 


METABOLISM  OF  [’’^C]  CYCLOTRIMETHYLENETRINITRAMINE 
IN  THE  RAT 

Principal  Investigators  N.  R.  Schneider,  S.  L.  Bradley,  AFRRI; and  M.  E.  Andersen, 

Naval  Medical  Research  Institute 

Cyclotrimethylenetl’initraxnine  (RDX)  is  a high  explosive  widely  employed 
by  the  military.  Exposure  of  humans  to  this  compound  (field  personnel,  for- 
mulators  or  noncombatants)  can  produce  a toxic  reaction.  It  is  therefore  im- 
portant to  determine  the  possible  routes  and  mechanisms  of  metaljolism  of 
this  compound  in  order  to  evaluate  its  occupational  and  enviromnental  dtmger 
and  potential  long-term  effects.^ 

RDX  toxicity  and  tissue  distribution  were  rejxn’ted  previously,  but  little 
data  are  available  concerning  its  metabolism.  In  the  rat,  [ j-RDX  (50  mg 
RDX/kg)  administered  per  os  in  dimethylsulfoxide  was  slowly  absorbed  from 
the  gastrointestinal  tract;  iUi.  s _ 0.0  percenl(;l)  of  the  total  radioactivity 
was  still  present  at  24  hours,  but  less  than  0 percent  was  in'esent  at  IS  hours. 
In  the  first  (i  days  after  dosing  rats  with  50  mg  unlabeled  HI)X/kg,  however, 
only  0.09  _ 0.05  [)crcent(H)  of  the  dose  was  excreted  in  the  feces.  The 
total  fecal  dry  mass  per  day  from  rats  dosed  i)er  os  with  50  mg  RDX/kg  was 
only  25  percent  of  the  normal  value  for  the  first  2 days  after  administration. 
During  the  4 days  following  per  os  administration  of  40  mg  [ j-RDX/kg, 
42.7  _ 2.  2 percent(lO)  of  the  radioactivity  was  excreted  via  the  lungo  as 
2-3  percent  in  the  feces,  and  34.0  ^ 0.9  percent(lO)  in  the  urine; 

9.5  ( 0.3  percent(9)  remained  in  the  carcass  (Figure  5).  The  maioritv 


of  tlie  label  found  in  the  feces,  urine  and  cai'cass  was  not  associated  with  un- 
metabolized RDX.  At  24  hours  after  per  os  administration  of  50  niR  [ ^^C]- 
RDX/kg,  both  the  liver  and  urine  contained  larger  amounts  of  than  could 
be  accounted  for  on  the  basis  of  the  amount  of  RDX  in  tliese  sjunples.  Furtlier- 
more,  phenobarbital-induced  rats  metabolized  RDX  more  rapidly  tlian  did  non- 
induced  rats.  It  is  clear  then  that  RDX,  contrary  to  earlier  findings,  is 
extensively  metabolized  by  the  rat  and  probably  also  by  hujmms  presumably 
by  enzymes  of  the  liver,  and  is  predominantly  excreted  via  the  lungs  and 
urine.  It  does  not  appear  that  a cumulative  body  burden  of  this  compound 
would  be  established. 
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USE  OF  CENTRIFUGAL  ELUTRIATION  IN  BLOOD  CELL  SEPARATIONS 

Princip.il  lnv(!stic|titors  M.  P.  Grissom,  J.  E.  French  and  1^.  G.  Ewald 

The  princ  iple  of  centrifugal  eluti  iation  offers  pronuse  as  a new  method 
for  c-olleetion  of  granulocytes  for  transfusion  therapy  in  comlxiting  microbial 
infections. 

Centrifugal  elutriation  was  used  to  seixirate  and  collect  gi'anulocytes 
and  monocytes  fi’om  normal  canine  blocKl.  The  Beckman  .) !■;-(>  elutriator 
rotor  system  with  Tncxlifications  was  usc'd  in  these  studies.  A \essel  acting 
as  a flow  integrator  was  added  to  reduce  pulsatile  flow-  (iatterns  [iroduced  bv 
the  (X'ristaltic  pump.  In  order  to  operate  accurately  at  low  flow  rates  (1-10 
ml/min),  a rheostat  and  narrow- diameter  (1.1).  “ 1 mm)  tubing  were  used. 
'I’lie  lilood  sani|ile  was  luLxed  in  a ."iO-m!  siliconized  glass  flask  witli  a stii’- 
ring  magnet.  The  elutriation  medium  was  composed  of  Hanks'  balaiii-ed 
salt  solution  minus  Ca ' ’ and  Mg'  ',  IIe|)cs  buffer,  15  pci-c-ent  acid  eiti-ate 
dextrose  and  0.  1 fjercent  basal  senim  .'ilbumin.  The  juedium  was  adjusted 
to  f)ll  7.1  and  final  osmolarity  determined  to  be  5 10  mosm.  This  medium 


has  been  found  to  reduce  the  adherence  of  polymorphonuclear  si’anulocytes 
to  tubing;'  and  vessel  walls  within  the  system,  Expt>riments  to  date  have 
shown  the  system  to  be  effective  in  the  separation  of  phagocytes.  For  13 
sainples,  the  phagocyte  to  lymphocyte  ratio  went  from  3:1  for  whole  blood 
to  18:1  for  the  elutriated  fraction.  The  differential  counts  of  the  elutriated 
cells  were  compared  with  the  original  whole  blood  samples.  It  was  deter- 
mined through  paired  single  tailed  t-tests  that  enrichment  in  polymorpho- 
nuclear granulocytes  (p  = .995),  depletion  in  lymphocytes  (p  ^ .995)  and 
relative  depletion  in  monocytes  (p  = .995)  were  all  highly  significant.  In- 
jection of  whole  blood  volumes  of  less  than  30  ml  had  significantly  greater 
(p  = .975)  polymorphonuclear  granulocyte  enrichment  in  the  elutriate  than 
did  whole  blood  volumes  greater  than  40  ml.  To  examine  the  handling  of 
larger  volumes  (-125  ml)  of  Ijlood  with  the  system  without  significantly  in- 
creasing the  time  required  as  compared  to  whole  blood  of  less  than  30  ml 
volume  (p<  0.80),  red  blood  cells  were  sedimented  with  Hypaque-Dextran 
and  the  white  blood  cell  concentrate  was  elutriated.  A significant  decline  in 
percent  polymorphonuclear  granulocyte  recovery  resulted  in  sedimented 
samples  (p  = 0.95)  as  compared  with  small  whole  blood  samples.  However, 
a much  larger  absolute  number  of  phagocytes  were  recovered  (x  = 1.  5 x 
10®  cells,  n = 4)  as  compared  to  nonsedimented  whole  blood  (x  = 4.4  x 10^ 
cells,  n = 5).  Total  percent  polymorphonuclear  granulocytes  recovered  for 
whole  blood  (<30  ml)  was  47.5  4-8.8  and  for  presedimented  blood  (<125  ml) 
was  24.7  + 10.0.  The  mean  running  time  for  the  presedimented  saniples  was 
70.8  and  for  whole  blood  (<30  ml)  94.0  min.  Maximum  percent  recoveries 
of  elutriated  cells  to  date  have  been  77.7  percent  of  poljTnorphonuclear  gi'anu- 
locytes  and  09.  9 (percent  of  all  white  blood  cells.  JMinimum  lymphocyte  con- 
tamination was  0.  09  percent. 

Improvement  of  granulocyte  collection  methods  for  purity  and  viability 
would  increase  the  chances  for  minimizing  freeze- thaw  damage  and  increase 
the  clinical  effectiveness  of  granulocyte  transfusions.  In  working  toward  these 
goals,  the  centrifugal  eluti'iation  system  is  being  studied  for  use  in  gr:mulocyte 
and  stem  cell  collection. 
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LIQUID  PRESERVATION  OF  DOG  GRANULOCYTES  AT  4°C 
IN  VARIOUS  STORAGE  MEDIA 


Princi(;dl  liwRstKjdtors  J.  E.  French,  W.  J.  Flor  and  M.  P.  Grissom 

Transfusion  of  sufficient  numbers  of  freshly  isolated  sranuloc>"tes  has 
been  shown  to  be  effective  in  granulocytopenic  crises  arising  in  patients  with 
radiation  and/or  dnig-induced  bone  marrow  aplasia,  leukemia  or  aplastic  ane- 
mia. Few  studies  have  investigated  the  loss  of  viabilitj’  with  time  or  the  opti- 
mal liquid  storage  media  after  cell  isolation  and  prior  to  use. 

The  feasibility'  of  short-term  liquid  storage  of  dog  granulocytes  was  inves- 
tigated. Altliough  liquid  stored  (l”C)  leukocytes  are  thought  to  liave  a short 
shelf  life  (2-3  days),  recent  evidence  suggests  a considerably  longer  jn  vitro 
\ iabilit\  l>  “ when  maintained  under  cerLain  conditions. 

Dog  granulocytes  were  isolated  from  whole  blood  by  defibrination  or  anti- 
coagulation  with  15  percent  acid  citrate  dextrose  (NIH,  Formula  Ai  and  sedi- 
mentation on  2:1  Dextran-lsopaque  ((j  percent  and  33.9  percent,  respectively). 
Leukocytes  were  either  washed  (Hanks'  balanced  salt  solution  minus  Ca'  and 
Mg'  ‘i  ))V  centrifugation  two  times  and  resuspended  in  10  percent  Eagle's  mini- 
mum essential  medium,  10  percent  Hanks'  liahmced  salt  solution  and  20  ]x*r- 
cent  autologous  serum  (1:1:2  medium)  or  remained  in  autologous  serum  (after 
defibrination)  or  acid  citrate  dextrose  plasma  without  centrifugation.  Leul<o- 
cytes  were  stored  at  1°C  from  0 to  7 days. 

The  cell  loss,  bactericidal  activity,  stimulated  09  consumption  and  fine 
structure  were  determined  at  various  inter\  als.  PolymoriMionuclcar  granulo- 
cyte loss  was  greatest  in  defibrinated  or  acid  citrate  dextrose- anticoagri  la  ted 
and  washed  preparations  (up  to  02  percent  after  7 days  storage).  Cell  loss  of 
polymorphonuclear  grmuilocytes  held  in  acid  citrate  dextrose  plasma  was 
never  greater  than  20  percent  after  7 days  storage.  The  i)ci'cent  |5ol,\unori)ho- 
nuclear  granuloc'vtes  in  the  leukocyte  j)opulation  remained  high  in  all  imeixira- 
tions  (53-01  |)crcent)  over  the  7-day  ix-riod.  Hactericid:il  activity  was  gre:\t- 
cst  in  polymorphonuclear  granuloc\'tes  held  in  acid  citrate  dextrose  plasma. 
Inhibition  of  intracellular  vialde  growth  of  i:schci'ichia  coU  decreased  only 
slightlv  in  freshly  isolated  cells  after  7 days  storage  (from  99.  S percent  to 
97.7  percent).  Polymorphonuclear  granulocytes  isolated  Iw  defibrination  or 
acid  citrate  dextrose  anticoagulation  decreased  significantlv  )])  o.iM  ) to 
percent  inhibition  over  the  7-d:iy  jK'ri(Kl.  Oxygen  consumption  ;issoci;ited  w ith 
phagoevtosis  in  i)olymorphonuclear  gr;inulocvtes  isohitcd  bv  defibrination,  a)id 
acid  citrate  dextrose  anticoagulation  with  w aslii)ig  a)id  without  washing  were 
81.0,  79.  1 a)id  05.9  |K*rcc)it  of  the  time  zero  (T,p  conti-ol  values  after  7 d;)vs 
storage.  After  11  d:)vs,  the  resjjective  values  were  19.  0,  37.2  and  03.5 
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percent  of  Tq  control  values.  Polymorphonuclear  granulocytes  isolated  by 
defibrination  and  stored  in  serum  showed  the  greatest  magnitude  of  response, 
but  the  percent  control  values  were  of  a similar  magnitude.  The  ulti’astruc- 
ture  of  polymorphonuclear  granulocytes  isolated  and  stored  as  described  was 
best  preserved  in  the  acid  citrate  dextrose  plasma  held  cells.  Many  polymor- 
phonuclear granulocytes  held  in  serum  after  defibrination  or  4:4:2  medium 
after  acid  citrate  dextrose  anticoagulation  and  washing  were  within  a normal 
range  of  morphologic  apiiearance,  but  a greater  number  showed  advanced  pyk- 
nosis,  jDerinuclear  swelling,  degranulation  and  \ acuolation. 

In  conclusion,  m vitro  viability  and  structure  analysis  indicate  that  dog 
granulocytes  can  survive  liquid  storage  for  7 days  and  that  their  structure 
and  m vitro  function  remain  intact  to  a remarkable  degree.  Acid  citi'ate  dex- 
trose anticoagulation  and  storage  at  4°C  in  acid  citrate  dextrose  plasma  is 
concluded  to  be  the  best  method  for  dog  polymorphonuclear  granulocyte  liquid 
preserv  ation  tested  to  date. 

An  effective  protocol  for  maintaining  clinical  effectiveness  of  granulocy1;es 
after  isolation  and  prior  to  use  or  freeze  preservation  would  enable  standard- 
ized procedures  to  be  formulated.  It  would  increase  the  availability  of  this 
postirradiation  therapy  by  minimizing  logistical  problems  (cell  typing,  match- 
ing, transportation,  etc.).  In  order  to  meet  these  requirements,  this  model 
system  was  developed  for  studying  granulocyte  and  stem  cell  preserv'ation 
methods. 
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BIOCHEMISTRY  DEPARTMENT 


The  Biochemistry  Department  was  formed  on  1 July  197<i  to  provide  more 
intensive  management  for  and  centralization  of  the  increasing  biochemical 
based  programs.  Personnel  from  the  Biochemistry  Division  of  the  disestab- 
lished Radiation  Biology  Department  became  the  core  of  a new  Physiological 
Chemistry  Division,  and  the  Neurochemistry  Division  of  the  Neurobiologj’ 
Department  was  the  basis  of  a new  Molecular  Biology  Division.  For  com- 
pleteness, all  studies  that  were  done  under  the  previous  organization  are 
presented  here,  with  the  exception  of  the  old  Neurochemistry  Division. 

The  primary  effort  of  the  Biochemistry  Department  is  concerned  with 
developing  a better  understanding  of  damage  mechanisms  in  biological  systems 
exposed  to  all  types  of  radiation,  providing  more  effective  methods  for  detect- 
ing and  evaluating  changes  in  physiological  systems  and  organ  functions,  and 
relating  the  physical  factors  of  radiation  to  subsequent  injury  in  man.  A num- 
ber of  approaches,  models  and  techniques  are  utilized  with  special  em.phasis 
upon  determining  the  biochemical  indicators  of  radiation  injury. 

Programs  in  the  Department  are  divided  into  studies  of  biological  changes 
following  exposure  to  either  ionizing  or  nonionizing  radiation.  In  the  ionizing 
radiation  field,  investigations  continue  on  elevations  in  serum  glycoproteins 
and  protein-bound  carbohydrates  as  significant  indicators  of  radiation  injury, 
trauma  and  other  disease  states.  Collaborative  studies  with  the  National  Can- 
cer Institute  and  the  National  Naval  Medical  Center  have  yielded  substantive 
findings  showing  a direct  relationship  of  tumor  burden  with  protein-bound  car- 
bohydrates as  well  as  increased  levels  of  acute-phase  proteins.  Further 
studies  using  an  animal  tumor  model  are  underway  to  determine  the  respon- 
sible mechanism  and  to  aid  in  relating  the  changes  to  possible  radiation  injury 
applications.  Initial  studies  on  the  effect  of  radiation  exposure  on  gallium-G7 
binding  in  serum  indicate  a dose  dependent  relationship  over  a wide  range; 
these  w'ill  be  expanded  to  include  a number  of  normal  trace  metals.  Addition- 
ally, studies  on  the  use  of  organometallic  liquids  as  potential  dosimetric  ma- 
terials for  pulsed  ionizing  radiation  were  completed. 

Two  operationally  oriented  research  projects  funded  by  the  U.  S.  Navj’ 
concern  the  bioeffects  as  a result  of  exposure  to  nonionizing  radiation.  The 
initial  study  of  the  effects  of  exposure  to  extremely  low  frequency  (lo  Hz) 
electric  fields  with  emphasis  on  serum  biochemical  parameters,  growth  rates 
and  histopathological  changes  has  been  completed.  Research  on  the  possible 
biochemical  indicator  of  subclinical  alterations  due  to  microwave  radiation  is 
continuing.  Goals  include  the  determination  of  the  threshold  for  cataract 
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formation,  a molecular  model  for  the  lens  cataract  and  exploitation  of  this 
model  in  ionizing  radiation  exposures. 

Based  upon  the  operational  requirement  in  military  nuclear  medicine  to  pro- 
vide more  effective  methods  for  evaluating  changes  in  physiological  and  or^an 
functions  in  \arious  forms  of  trauma,  the  former  Hadiolon ical  Sciences  Division 
continued  its  efforts  in  radiopharmaceutical  development  and  evaluation,  in- 
strumentation and  isotope  applications  and  pathophysiologic  investigations.  In 
collaboration  with  the  National  Institutes  of  Health,  the  Washington  University 
Medical  Center,  St.  Louis,  Missouri,  and  the  North  Carolina  Medical  School, 
excellent  progress  and  results  were  obtained  utilizing  diphosphonate  in 

studies  on  acutely  injured  muscle,  scanning  and  imaging  of  soft  tissue  (muscle), 
regional  blood  flow  and  skeletal  uptake  of  bone  tracers  and  in  developing  im- 
proved methods  of  assessing  splenic  damage.  Mathematical  support  was  also 
provided  for  a study  of  regional  kinetics  of  indium-111  in  cerebral  spinal  fluid. 

Additional  collaborative  effort  with  the  Naval  Medical  Research  Institute 
developed  a technique  that  was  sensitive,  noninvasive,  and  quantitative  in  asses- 
sing the  healing  of  mandibular  bone  grafts  in  a canine  model.  This  improved 
method  provides  a better  means  to  evaluate  a combatant  who  has  sustained  a 
facial  wound  which  has  disioipted  the  mandible. 

The  research  projects  conducted  in  the  Biochemistry  Department  are  inter- 
related and  complementary.  Determination  of  accurate  and  valid  indicators  of 
damage  using  biochemical  markers  in  a variety  of  organ  systems  in  which  dif- 
ferent disease  conditions  exist  and  the  application  of  nuclear  medicine  proce- 
dures for  improvement  of  diagnostic  and  therapeutic  techniques  will  contribute 
to  a better  understanding  of  the  patterns  of  response,  the  organs  at  particular 
risk  and  the  underlying  mechanisms  of  damage.  Effort  is  directed  toward 
applying  these  techniques  to  diagnosis  and  treatment  of  conditions  peculiar  to 
the  battlefield  environment. 
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SERUM  PROTEIN  BOUND  CARBOHYDRATES  AND  OTHER  GLYCOPROTEIN 
ASSAYS  AS  INDICATORS  OF  TUMOR  BURDEN 


I 

I 


Pr incipjl  Inv'.'St  'Mtors 
T ec,l\nn  cil  Assistjni  • 


J f l/Veiss,  PV.  P.  Bradley,  A.  P Blasco,  AFRRI,  J.  C.  Alexander,  Jr., 
N.  A.  Silverman  and  P.  B Chretien,  National  Institutes  of  Health 
M J Ryan,  M.  L.  Nelson,  iV.  iiV.  Wolfe  and  i R Wooldridge,  Jr. 


Elevations  in  seniin  ^;lyeoproteins  and  protein-bonnd  carbohydrates  are 
sii^nific;uit  conseciuenc-es  of  radiation  damage,  trauma  and  cerbiin  disease 
states  such  as  cancer.  Thus  it  is  imjx>rtant  to  determine  the  diagnostic,  prog- 
nostic, and  functional  significance  of  tlie  glycoprotein  elevations  in  various  in- 
juries ;uid  diseases. 

I,e\els  of  gl^’coprotcin  associated  cai'bohydratcs  (neutral  liexoses,  lie.vos- 
amine,  sialic  acid,  and  fucosei  were  determined  in  tlie  serum  of  patients  with 
either  local,  regional  or  metastatic  cancer,  patients  clinically  cured  of  can- 
cer, and  conti’ols  (smokers  and  nonsmolscu's ».  total  protein-bound  carbuhv- 
drates  were  compared  to  levels  oi  17  normal  scrum  glycoproteins,  carcino- 
embryonic  antigen,  and  to  hmiphoi  vtc  reactuib,'  to  plivtohemagglutinin.  Tu- 
mor burden  was  directlv  related  to  pi’otein-bound  c arbohydrate  levels  in  patient 
groups.  Levels  of  bound  carbohydrates  I'eflect  the  sum  of  all  the  changes  in 
serum  glycoproteins,  but  priimadlv  changes  in  the  acute-phase  proUuns  (0|- 
acid  glycoprotein,  a|-antitrypsin,  liaptoglolun,  cerulojilasmin)  found  in  tlie  a- 
globulin  fraction  of  serum.  Senun  protein-bound  cai'bohydrates,  such  as 
sialic  acid,  appear  to  be  better  tumor  markcr.s  than  carcinoembryonic  anti- 
gen in  patients  with  various  lv|x.'s  of  solid  malignancies.  Increases  in  si;ili(, 
acid  in  tumor-bearers  do  not  appear  to  correlate  with  inci'cases  in  carcino- 
embryonic  antigen,  suggesting  that  a "nmispccific  " tumor  miu’kcr  and  a "tumor- 
derived"  marker  mav  complement  each  other  in  assessing  patient  status  (Fig- 
ure (i).  Increased  levels  of  tlie  aciite-ptiase  proteins  and  decreased  levels  of 
oioilS-glyc'ojjrotein  (x-cur  in  individuals  with  depressed  in  vitro  Iv niplux  vte 
reactivity  to  phytohcmagglutinin,  but  tlie  relationship  iietwecn  lympliocyte  rc- 
activitv  and  S{x.'cifie  senim  glycofmoteins  needs  fiudher  investigation.  The 
present  study  increases  our  understanding  of  the  rclationslup  of  senim  glv  co- 
proteins to  disease  and  injurv. 
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Fis^ire  G.  Percent  of  individuals  with  elevated  tumor  markers 
(above  normal  mean  + two  standard  de\  iations). 
CKA  = carcinoembryonic  antigen. 


ORGANOMETALLIC  LIQUIDS  AS  POTENTIAL  DOSIMETRIC  MATERIALS: 

A PULSE  RADIOLYSIS  STUDY  OF  THE  TETRA-ALKYL  COMPOUNDS  OF 
Si,  Sn  AND  Pb 

Principal  Investigator  J.  L.  Hosszu 
Collaborator  A.  P.  Blasco 

A continued  reciuirement  exists  to  dcvcloj)  dosimetry  systems  suittible  for 
use  in  pulsed  fields  of  ionizinn  r;uli;ition,  particul;u'l\-  in  tlie  low -enerf;y  \-ra>- 
region.  The  desirable  characteristics  of  such  dosimeters  sliould  include  both 
a sensitivity  to  the  spectral  distribution  of  the  inciilent  radiation  and  ;i  capa- 
bility of  live  time  readout  to  follow  pulse  profiles  rner  a time  scale  of  several 
nanoseconds. 

The  organometallic  compounds  of  the  Croup  1\’A  metals  ha\e  been  shrtw'n 
to  produce  optically  detectable  changes  after  exjxisures  to  ionizing  radiation.^ 
Theoretically,  the  K-shcll  energy  edges  of  their  metal  atoms  serve  as  windows 
to  determine  the  spectral  distribution  of  the  radiation  pulse. 
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The  methods  of  kinetic  optical  spectroscopy  have  been  employed  to  observe 
the  very  short-lived  trruisients  produced  by  pulse  radiolysis  of  some  of  the 
tetra-alkyl  compounds  of  Si,  Sn,  and  Plj  doped  with  naphthalene  and  toluene.  ^ 
The  feasibility  of  utilizing  such  bimo ..jcular  compounds  for  time  resolved  do- 
simeters in  the  low-energy  x-ray  region  has  been  demonstrated  (Figures  7 
and  8).  This  represents  an  additional  method  for  refinement  of  the  pulsed 
radiation  profiles  such  as  might  be  encountered  in  nuclear  weapon  uses. 


Figure  7.  Long-lived  optical  absorption  transients  at  320  nm  of  pure 

Et4Si,  Vertical  scale  50  mV/cm;  horizontal  scale  50  psec/cm. 


pTg-ure  8.  Long-lived  optical  absorption  transients  at  320  nm  of 
naphthalene-doped  Kt^Si.  Vertical  scale  50  mV/cm; 
horizontal  scale  lOOpsec/cm, 
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Mosszii,  -1.  L.  Organomctallic  liquids  as  potential  dosinu'tric  materials; 
a pulse  radiolysis  study  of  the  tetra-alkyl  compounds  of  Si,  Sn  and  Pb. 
Bethesda,  Maryland,  Armed  Forces  Uadiobiolog\'  Uc'search  Institute 
Technical  Note  TN70-3,  1!)7(>. 
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as  potential  dosimetric  materials:  a pulse  radiolysis  study  of  the  tetra- 
ethyl compounds  of  Si,  Ge,  Sn  and  Pb.  Bethesda,  Maryland,  Armed 
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GROWTH  EFFECTS  FROM  45-Hz  VERTICAL  ELECTRIC  FIELDS 

Principal  Investigators;  N.  S.  Mathewson,  G.  M.  Oosta,  S.  G.  Levin,  M.  E.  Ekstrom, 

S.  S.  Diamond  and  A.  P.  Blasco 

Technical  Assistance  tV.  E.  Jackson  Hi,  C.  A.  Mclntire  Hi,  J.  E.  Egan,  H.  B.  Cranford, 

A.  L.  Miller,  A.  E.  Cummings,  Jr.  and  P.  W.  Jones  III 

As  early  as  1959  the  U.  S.  Navy  began  considering  a new  communications 
system  to  operate  in  the  extremely  low'  frequency  portion  of  the  electromag- 
netic s{x;ctrum.  This  system  is  designed  to  allow  submarines  to  receive  vital 
communications  during  strategic  emergencies  while  remaining  at  ocean  depths 
which  maintain  their  tactical  invisibility  and  survivability.  The  survivability 
of  the  U.  S.  Fleet  Ballistic  Missile  Submarine  System  is  a key  element  of  our 
national  security  as  a nuclear  deterrent.  The  Navy  is  completing  the  design 
of  such  :m  extremely  low  frequency  communications  system  to  ultimately  in- 
crease the  tactical  safety  of  these  submarines. 

The  design  and  placement  of  a transmitter  site  for  this  communications 
system  is  not  complete,  but  one  current  estimate  calls  for  twenty  50-mile  long 
buried  cables  to  be  laid  out  orthogonally  in  a square  grid.  These  cables  are 
placed  5 miles  apart  occupying  an  area  of  2500  square  miles  or  twice  the  size 
of  Rhode  Island.  This  transmitter  is  planned  to  ojjerate  near  45  or  75  Hz  and 
will  typically  require  100  megawatts  of  electric  power. 

The  Navy  has  for  several  years  supported  considerable  research  into  the 
existence  of  biological  or  environmental  problems  that  may  be  associated  with 
this  type  of  antenna.  Within  the  last  several  years  two  research  efforts  have 
led  to  reports  that  vertical  electi'ic  fields,  in  one  case  at  60  Hz  and  the  other 
at  45  Hz,  reduced  the  growth  of  young  rats  during  1-month  exposures. 

This  report  summarizes  the  attempt  by  this  laboratory  to  both  observ'e  and 
verify  the  reported  reduced  grcwth  of  young  rats  exposed  to  45-Hz  fields.  A 
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total  of  381  young  (100-200  g)  male  Spragxie-Dawley  rats  was  used  in  four  1- 
month,  irradiation  experiments  (Table  9).  For  each  animal  the  growth  (or 
change  in  body  weight),  the  food  consumption,  and  water  consumption  were 
measured  three  times  a week  during  the  28-day  exposure.  Postexposure,  a 
complete  blood  count  (consisting  of  red  blood  cells,  white  blood  cells,  poly- 
morphonuclear cells,  lymphocytes,  monocytes,  eosinophils,  hematocrit  and 
hemoglobin)  and  plasma  metabolites  (consisting  of  levels  of  total  protein,  globu- 
lin, glucose,  triglyceride,  cholesterol  and  total  lipid)  were  obtained  for  each 
animal.  To  further  establish  the  general  healtli  of  these  animals,  randomly 
selected  rats  from  each  field  level  were  necropsied  and  Hi  organ  systems  were 
preser\'cd  for  histopathologic  examination. 


Table  9,  Kxpcrimental  Design  and  Animal  Usage 


Experiment 

(Control ) 
0 

Electric 
2 10 

Field  Strength 
20  50 

(V/m) 

100 

Number  of 

animals  used 

E 

16 

16 

16 

l6 

l6 

16 

F 

l6 

16 

16 

16 

16 

i6 

G 

1*8 

— 

~ 

U8 

— 

— 

H 

16 

l6 

l6 

16 

l6 

l6 

Total 

number 

of 

animals  = 

:i84 

We  are  acutely  aware  of  the  importance  of  observing  an  effect  from  this 
type  of  exposure,  detrimental  or  not,  since  virtually  everyone  using  an  electric 
appliance  or  standing  near  electric  wires  is  exposed  to  extremely  low  fre((uency 
fields.  IlfAvever,  none  of  our  15-Hz  data,  summarized  in  Table  10,  can  support 
or  even  indicate  that  rat  growth  is  lowered  from  exposure  to  45-Hz  vertical 
electric  fields.  The  examination  of  our  data  for  exposure  to  \ ertical  electric 
fields  up  to  100  volts  (xm  meter  at  45  Hz  leads  to  the  conclusion  that  the  grinvth 
and  gi’oss  metabolism  as  indicated  by  the  plasma  biochemical  analyses  and  gen- 
ei’al  health  of  these  rats  were  not  changed.  That  some  significant  differences 
arc  found  in  Table  10  is  clearly  normal  when  it  is  noted  that  15  sLx-group 
analysis-of-variance  t\'pe  signil'icimce  tests  were  performed  and  that  many  of 
the  varial)les  are  correlated.  The  complete  description  and  analysis  of  these 
experiments  is  the  subject  of  impending  rtmorts,  and  two  preliminary  rej)orts 
of  these  exfxriments  have  been  fmesented^’^  within  the  past  year. 
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Table  10.  Statistical  Summary 


ELF  Vertical 

Electric  Field  Data  at  l*5Hz 

Variable 

Experiment 

E F G H 

Growth 

_ * - 

Food  Con. 

_ # _ _ 

Water  Con. 

T.  Prot. 

Glob. 

_ _ _ . 

Glu. 

T.  Lipid 

- 

Choi. 

- - - - 

Trig. 

_ - _ - 

RBC 

* * . - 

WBC 

- - - - 

Poly 

- - - - 

Lyhs. 

- - - - 

Mono. 

within  normal  limits 

Eo. 

within  normal  limits 

HCT. 

« - _ - 

HGB 

. - - - 

Adrenal  wt. 

- _ - 

Spleen  wt. 

- - - 

Gross  path. 

no  significant  differences 

Histopath. 

no  significant  differences 

Implies  no  significant  differences 

• Significant  difference  p<.05 

• Significant  difference  p<.01 
blank  Not  performed 
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LENS  PROTEINS;  A POSSIBLE  INDICATOR  OF  SUBCLINICAL  LENS 
ALTERATIONS  AFTER  MICROWAVE  EXPOSURE 

Pnnclpdl  liwestigdtors  G.  M.  Oosta,  N.  S.  Mathewson  and  F.  H.  Henry 
Tfichnic.al  Assistance  K.  M.  Hartley  and  C.  J.  Morrisey 

Microwave  exposures  of  sufficient  intensify  and  duration  are  known  to 
result  in  cataract  formation.  However,  the  threshold  for  cataract  formation 
is  not  well  documented  as  a result  of  the  long  latency  periods  that  exist  for 
low  level  microwave  exposures.  If  a biochemical  indicator  of  microwave 
damage  were  available,  determination  of  the  threshold  could  be  more  accu- 
rate. We  are  investigating  the  possibility  that  lens  protein  alterations  can 
be  used  as  indicators  of  subclinical,  microwave- induced  lens  changes.  In 
addition,  it  is  anticipated  that  the  results  of  these  experiments  will  provide 
information  helpful  in  specifying  a suitable  molecular  model  for  the  micro- 
wave  cataract. 

Cataract  production  is  initiated  as  a result  of  multiple  head  only  exposures 
at  300  mW/cm^  for  20  min  and  2.45  GHz  using  the  elliptical  reflector  antenna 
system  in  the  Microwave  Facilify,  Department  of  Microwave  Research,  Walter 
Reed  Army  Institute  of  Research.  Lens  alterations  are  apparent  within  4 weeks. 

There  are  many  models  for  cataractogenesis.  All  eventually  involve  len- 
ticular protein  alterations.  In  these  experimenu,  data  are  collected  based  on 
two  mcxlels.  The  first  model  specifies  an  increase  in  the  fraction  of  total  pro- 
tein found  in  the  pellet  after  low-speed  centrifugation  of  a lens  extract.  The 
second  specifies  a shift  in  the  sbite  of  aggregation  of  lens  proteins  eventually 
leading  to  aggregates  with  liigli  molecular  weight.  Pi’otein  alterations  are  mon- 
itored in  lens  extracts  using  gel  filtration  and  polyacrylamide,  pore-limit 
electrophoresis.  Extraction  parameters  such  as  buffer  composition,  ionic 
strength  and  extraction  tune  have  been  studied.  Experiments  and  data  collec- 
tion arc  now  in  progress. 

Suc-ccss  in  establishing  proteins  as  indicators  of  lens  damage  after  micro- 
wave  exposure  might  allow  the  threshold  for  microwave  damage  to  be  accu- 
rately determined  even  for  low  level  exposures.  Such  determinations  would 
l)lay  a large  role  in  helping  to  establish  safety  standards  for  human  microwave 
expose re. 

In  addition,  observed  alterations  could  be  exploited  to  develop  assays 
suital)le  ff)r  estimating  lens  dajnage  after  ionizing  radiation  exposures. 
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LOCALIZATION  OF  99«^Tc  DIPHOSPHONATE  IN  ACUTELY  INJURED 
MUSCLE:  RELATIONSHIP  TO  MUSCLE  CALCIUM  DEPOSITION 

Principal  Investiy.itoi  B.  A.  Siegel 

Collciburdtots  \N.  K.  Engel  and  E.  C.  Derrer,  National  Institutes  of  Health 

Turfinicdl  Assisldiice  E.  L.  Barron,  J.  K.  Warrenfettz,  M.  E.  Flynn,  N.  L.  Fleming 
and  J.  J.  Jozsa 

There  is  an  operational  requirement  in  military  nuclear  medicine  to  pro- 
vide more  effective  methods  for  evaluatins  changes  in  physiological  and  organ 
function  in  trauma.  In  rats  with  experimental  ischemic  myopathy,  there  was 
a significant  correlation  {r  = 0.778,  p<  0.001)  between  muscle  uptake  of 
99mrpp  diphosphonate  (EHDP)  and  tissue  calcium  concentration.^  In  addition, 
the  accumulation  of  both  calcium  and  99mjp  ehdP  in  acutely  injured  muscles 
was  further  increased  in  rats  with  vitamin  U-induced  hypercalcemia.  Histo- 
logic studies  demonstrated  stainii^’  of  damaged  muscle  fibers  with  alizarin 
red,  indicating  the  presence  of  microcrystalline  or  ultramicrocrysLalline  cal- 
cium salts.  Staining  of  muscle  fibers  was  most  intense  in  the  outer  marginal  = 

zones  of  individual  microscopic  infarcts.  Our  results  suggest  that  the  uptake  i 

of  Enp)p  in  acutely  damaged  skeletal  muscle  is  directly  related  to  the  j 

deposition  of  calcium  salts  within  the  injured  muscle  fibers.  This  work  in-  j 

creases  our  understanding  of  the  basic  mechanisms  of  the  pathogenesis  of  , 

99m'j’(;  diphosphonate  localization  in  damaged  muscle.  The  results  cam  be  J 

applied  toward  improved  clinical  interpretations  to  benefit  jiatients  (soldiers) 
with  trauma,  acutely  injured  muscle  or  other  conditions  which  can  be  detectc-d 
with  these  techniques.^  I 
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DIPHOSPHONATE  SCANNING  OF  SOFT  TISSUE 
IN  NEUROMUSCULAR  DISEASES 

Principal  Invnstiyator  R.  W.  Kula,  National  Institutes  of  Health 
Colldburators  B.  R.  Line,  National  Institutes  of  Health;  B.  A.  Siegel. 

AFRRI;  A.  E.  Jones,  G.  S.  Johnston  and  l/V.  K.  Engel, 

National  Institutes  of  Health 

Nuclear  medicine  may  provide  an  improved  means  for  analyzing  physiol- 
ogy and  organ  function  following  trauma.  This  may  be  of  importance  in  eval- 
uating injured  soldiers.  Our  previous  studies  of  acutely  damaged  skeletal 
muscle  in  rats  have  demonstrated  close  correlation  between  muscle  uptalce 
of  99mxc  diphosphonate  by  scintillation  counting,  increase  of  muscle  Ca’*, 
loss  of  muscle  and  increase  of  plasma  creatine  phosphokinase.  In  an 
attempt  to  use  the  isotopic  method  clinically  to  seek  and  quantitate  muscle 
damage,  we  have  scanned  limijs  of  more  than  GO  patients  (various  neuro- 
muscular diseases  and  controls)  G hours  after  intravenous  administration 
of  10  mCi  yOni'i'c  diphosphonate.  Computer-stored  and  analyzed  images 
provided  a soft  tissue  to  bone  ratio  of  radioactivity  uptake.  Ten  |)atients 
with  dermatomyositis-polymyositis  had  moderate  to  high  serum  creatine 
phosphokinases  and  very  high  soft  tissue  uptake  per  soft  tissue  to  bone 
ratios.  Eleven  patients  with  X-linked  muscular  dystrophy  all  had  very  high 
creatine  phosphokinases  but  surprisingly  normal  soft  tissue  to  bone  ratios. 
SLx  "other"  myopathy  patients  and  sL\  amyotrophic  lateral  sclerosis  patients 
had  normal  or  slight-to-moderately  increased  creatine  phosphokinases  and 
soft  tissue  to  bone  ratios,  and  both  usually  correlated  in  individual  cases. 
Four  patients  with  "ragged-red"-fiber  muscle  diseases  and  three  with  myas- 
thenia gravis  had  normal  creatine  phosphokinases  but,  surprisinglv.  slight 
to  moderately  increased  soft  tissue  to  bone  ratios.  .Accordingly,  ^yn^Tc 
diphosphonate  localization  in  soft  tissue  of  neuromuscular  disease  patients 
does  not  a()()ear  to  be  a simple  function  of  creatine  phos))hokinase- 
evidenced  muscle  fiber  "damage-leakage''  Other  possible  lactors  include: 
positive  --  muscle-interstitial  or  subcutaneous  Ca-*-,  aiul  cellular  prolif- 
erative activity;  negative  chronic  fat  and  connective  tissue  replacement. 
The  high  uptake  in  dermatomyositis-polymyositis  is  likely  to  be  due  at  least 
partly  to  the  first  and  perhaps  also  the  second  factor  (Ijoth  known  to  occur 
in  dermatomyositis-polymyositis);  the  third  may  |)ossibly  help  explain  the 
perplexing  normal  uptake  in  X-linked  dystrophv.  The  results  of  these  clin- 
ical studies  suggest  that  muscle  imaging  with  ^^m  diphosphonate  may  be 
useful  for  evaluating  soldiers  who  sustain  soft  tissue  injuries  of  the 
extremities. 


SKELETAL  UPTAKE  OF  ^^"’Tc  DIPHOSPHONATE  IN  RELATION  TO 
LOCAL  BONE  BLOOD  FLOW 

Principal  Investigators  B.  A.  Siegel,  R.  L.  Donovan  and  P.  O.  Alderson  ' 

Collaborator ; G.  R.  Mack,  National  Nava!  Medical  Center 

Technical  Assistance  E.  L.  Barron,  J.  K.  Warrenfeltz,  M.  E.  Flynn, 

N.  L.  Fleming,  H.  E.  Bourne  and  J.  J.  Jozsa 

O Qty^ 

Bone  imaging  with  the  Tc  labeled  phosphates  has  great  potential  for 
improving  our  abilities  to  evaluate  bone  healing  after  trauma,  presence  of 
stress  fractures  or  osteomyelitis  not  visible  radiographically,  and  healing 
of  bone  grafts.  To  make  maximum  use  of  this  tool  in  military  patients  it  is  • 

pertinent  to  attempt  to  increase  our  understanding  of  the  basic  mechanisms 
involved  in  skeletal  uptake  of  the  labeled  bone  tracers. 

The  regional  distribution  of  bone-seeking  radiopharmaceuticals  in  the 
skeleton  is  potentially  dependent  on  a number  of  factors  including  local  alter- 
ations  in  blood  flow,  metabolic  activity,  osteogenesis,  surface  area  for  tracer 
exchange,  capillary  permeability,  and  the  volume  of  interstitial  fluid. ^ Sev- 
eral investigators  have  suggested  that  increased  local  blood  flow  is  the  major 
physiologic  determinant  of  increased  tracer  deposition  in  skeletal  lesions, 
but  this  viewpoint  has  been  challenged.  The  present  study  was  undertalxen 
to  evaluate  the  relationship  between  the  skeletal  uptake  of  99mxc  diphospho- 
nate  (ethane-l-hydrox\’-l,  1-diphosphonate  (EHDP)i  and  relative  bone  blood 
flow  measured  with  labeled  microspheres  under  conditions  of  normal,  decreased, 
and  increased  regional  blood  flow. 

The  right-left  (R-L)  ratios  for  tibial  uptake  of  fhhivi-c  diphosphonate  (ElinPi 
and  relative  blood  flow  (from  microsphere  distribution)  were  determined  in 
control  rats  and  rats  with  right  femoral  artery  ligation  or  healing  right  tibial 
fractures.  There  was  highly  significant  correlation  (r  = 0.  917;  p < 0. 0001) 
between  the  99t^Tc  EHDP  uptake  and  relative  blood  flow  for  relative  flow  ra- 
tios <1.7  (Figure  9).  When  relative  tibial  blood  flow  was  > 1.7,  there  was 
little  further  increase  in  99i^tc  EHDP  uptake.  In  addition,  femoral  artery 
ligation  in  rats  with  healing  fractures  resulted  in  a more  marked  reduction 
of  flow  than  of  eHDP  uptake  (Table  11).  Our  results  suggest  that  re- 
gional bone  blood  flow  is  a major  determinant  of  EHDP  uptake,  but 

changes  in  regional  tracer  extraction  efficiency  are  also  important.  This 
work  increases  our  understanding  of  the  basic  mechanisms  of  ^^I’^Tc  phos- 
phate bone  imaging.  The  results  can  be  applied  toward  improved  clinical 
interpretations  to  benefit  patients  (soldiers)  with  trauma,  bone  grafts,  osteo- 
myelitis or  other  conditions  which  can  be  detected  with  these  techniques. 
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Figiiro  9.  Relationship  between  tibial  R-L  ratios  for  EH  DP  and 

^^Sr  microspheres.  Each  point  represents  the  results  for  a 
single  animal.  The  line  shown  is  the  calculated  regression 
line  based  on  the  results  of  the  47  animals  in  which  the  ^^Sr 
microspheres  R-L  ratio  was  less  than  1.7. 


Table  11.  Tibial  R-L  Ratios 


Results  presented  as  mean  + 1 standard  deviation 

• Si5nificantly  different  by  unpaired  t-test  compared  to  control  vaU'C 


at  f’<0.0001. 

t Signi f icantly  different  oy  paired  t-test  compared  to  corresponding 
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SPLENIC  IMAGING  WITH  ®^'^Tc-LABELED  ERYTHROCYTES: 

A COMPARATIVE  STUDY  OF  CELL  DAMAGING  METHODS 

Prini  i|)Hl  lnvestiij<itors  H.  G.  Hamilton  and  P.  O.  Alderson 
Cijll<it)ordtois  J.  F.  Harwig,  Washington  University  School  of  Medicine; 

and  B.  A.  Siegel,  AFRRI 

ri'rhnic.il  Assist, iocc  E.  L.  Barron,  J.  K.  Warrenfeltz,  M.  E.  Flynn, 

N.  L.  Fleming,  H.  E.  Bourne  and  J.  J.  Jozsa 

The  objective  of  this  research  was  to  develop  inipro\  ed  methods  for  as- 
sessin.c;  splenic  ilama^e  after  blunt  abdominal  trauma.  Our  specific  a,()al  was 
to  develop  :m  ap;ent  which  would  localize  in  the  spleen  to  ;i  muc-h  <;re;itcr  e.\- 
tent  th:m  the  liver.  This  would  minimize  problems  of  imatfe  interpretation 
that  can  be  caused  by  liver  overlyiii”  the  spleen.  We  wished  to  develop  an 
a.aent  which  had  the  In’;!!  photon  yields  and  low  radiation  dose  of  la- 

beled tracers  and  the  splenic  sfX'cificiW  of  ’’^Cr  red  blood  cells  or 
red  blotxl  cells.  'Therefore  we  chose  to  investigate  red  blood  cells.  ^ 

Se\  eral  methods  of  dmiiasins  red  bk)od  cells  for  sjjlenic  ima^ms  have 
been  compared  to  determine  the  optimum  approach.  Red  blood  cells  from 
donor  miimals  were  labeled  with  '^^^^Tci  i”]  and  damaf;ed  by  heat,  excess 
acid  citrate  dexti’ose,  excess  Sn(ll)  ion,  or  the  sulfhydryl  inhil)itors  X- 
ethylmaieuuide  or  p-hvdroxymei’curibenzoate.  'Tlie  organ  distribution  of 
undajuaged  and  damaged  red  Idood  cells  was  determined  in  l ats,  and  splenic 
imaging  studies  were  [x;rlormed  in  rabbits.  Splenic  dci)osition  and  spleen 
to  liver  ratios  with  heat  and  sulfhydryl  damaged  red  blood  cells  were 

significantly  greater  (p  " 0,  nnii  tlnm  the  values  obtained  using  acid  citrate 
dextrose  or  SndB  if)ii  methods  (Figures  10,  ij.  Table  12i.  Ik'at  damaging 
produces  goixl  splenic  localization  of  red  blood  cells  but  leciuires 

rigidly  eontrolled  incubation  conditions.  X-cthvImaleimide  damaging  jn'o- 
vides  an  excellent  :ind  predikible  alternate  apin’oach. 


TIME  POSTINJECTION  (hours) 

Figure  10,  RBC  splenic  deposition  (percent /g  + S.  D. ) obtained 

using  several  methods  of  damaging.  Each  AC  I)  and  Sn(ll) 
ion  data  point  comprises  5 animal  studies.  All  other  data 
points  comprise  at  least  12  animal  studies. 


Time  postinjection  hours 

Figure  11.  Spleen  to  livc-r  ratios  (S  M,  i S.  I).  ) obtained  using  sevei  .il 

methofls  of  damaging.  The  data  were'  ol)tained  from  the  same' 
animal  (lopulation  referred  to  in  Figure  10. 
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Table  12.  Total  Splenic  IX'posilion  of  Ibbii'jY-  ped  Blood  C’ells 


( 

i 

f 


i 


* Toial  .splenic  activity  expressed  as  % injected  dose 
per  total  organ  i S.D. 

■*■  lif.it  damaging  performed  in  a constant  temperature 
v.itLr  b..th  (49-30‘-’C)  . 

Kcal  cjr. aging  performed  in  a variable  temperature 
water  bath  (AH-51^C), 


The  results  of  this  study  e;ui  be  ai)])lied  in  military  hospitals  to  j)ro\  ide 
imiiroved  detection  of  splenic  injui’y  after  abdominal  trauma  that  mi;4ht  lie 
sustained  on  the  battlefield. 
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REGIONAL  KINETICS  OF  INDIKVl-111  DTPA  IN  CEREBROSPINAL 
FLUID  IMAGING  OF  NORMAL  VOLUNTEERS 

Pr  im.ip.il  lnvcstn),U(jrb  C.  L.  Partain,  University  of  North  Carolina  School  of  Medicine; 

P.  O.  Alderson  and  R.  L.  Donovan,  AFRRI 
Collcilior.iUjrs  N.  Ruianavecli.  Washington  University  School  of  Medicine; 

and  B.  A.  Siegel,  AFRRI 

The  oljjective  of  tins  research  project  was  to  obtain  specific  information 
about  cereln-ospinal  fluid  tracer  kinetics  so  that  improved  calculations  of  cer- 
eln’ospinal  fluid  radiation  dosimetry  ccaild  be  performed,  'I'he  tracer  chosen 
was  lllln-DTPA,  a chelate  widely  used  for  clinical  studies  of  cerebrospinal 
fluid  kinetics  (ensternof^raphy).  The  clinical  daki  wei-e  obtained  by  studying 
volunteers  at  the  Washington  I'niversity  School  of  Medicine,  St.  Louis,  IMis- 
souri.  The  project  was  approved  by  the  Radiation  Safety  and  llimmn  Researi-h 
connnittees  of  that  institution.  The  regional  kinetics  of  min-!'TPA  was  deter- 
mined in  these  sLx  volunteers  following  the  intrathecal  administration  of  500 
microcuries  of  1-1  l-ln-DTPA,  Gamma  camera  images  of  the  head  and  lumbar 
regions  were  obtained  every  2 to  1 hours,  :uid  digitized  data  were  obtained  si- 
multaneously by  a small  laboratory  computer.  In  addition,  scciuential  blood 
and  urine  samples  were  obUiined  from  the  patients.  1 he  digitized  oatii  were 
made  availalRe  to  AFRRI,  and  a simple,  three-comiiartment  bidirectional  flow 
model  describing  radiopharmaceutical  kinetics  in  the  lumbar  regions,  basal 
cisterns  and  parasagittal  region  was  developed  (Figure  12).  The  resulting 
model  pariuneters  are  listed  in  Table  15.  These  data  mav  be  used  as  a l)asis 
for  improved  c erebrospinal  fluid  radiation  dosimetia  calculations  as  u ell  as 
prov'iding  an  unproved  basis  lor  clinical  assessment  of  the  results  ol  cister- 
nographv  with  *ln-l)TPA.' »“  (AFRIII  provided  mathematical  suiiporl  for 
this  clinical  research  project.) 
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Figure  12.  imprmed  c-omirirt ment al  model  foi-  cerebrospinal 
fluid  kinc'tics 
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Table  13. 

Mathematical  Model  Parameters 

Parameter* 

1 

Volunteers 

3 

5 

^21’  ^ 

.47 

.48 

.59 

X '* 

12* 

.035 

.087 

.14 

X32. 

.096 

.16 

.19 

X ** 

*23’ 

.0064 

.018 

.017 

X •• 

43’ 

.29 

..098 

.041 

hours 

0.0 

0.0 

0.0 

T '* 

^2’ 

0.5 

0.8 

0.4 

T '* 

^3’ 

2.8 

3.0 

5.0 

•Refer  to  Figure  12  for  symbol  definition 
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\ QUANTITATIVE  RADIONUCLIDE  EVALUATION  OF  ALLOGENEIC 

AND  COMPOSITE  MANDIBULAR  BONE  GRAFTS 

j Pniii  lnvi’stii|,it')t  J.  F.  Kelly,  Nava!  Medical  Research  Institute 

, f^ill  ii’or.it'Ks  J.  D.  Cagle,  Nava!  Medical  Research  Institute; 

I G.  J.  Adler  and  R.  L.  Donovan,  AFRRI 

t.’i  hii"  ,il  A ' H.  F.  Bourne,  F.  L.  Barron,  J.  K.  Warrenfeltz 

and  M.  F.  Flynn 

Rone  'A’raftins;  is  one  means  of  hastening  repair  of  tlisnipted  skeletal  tissue 
aftci'  trauma.  U’c  ha\  e attempted  to  imiirove  methods  for  evaluatiii);  the  heal- 
ing; of  bone  u'rafLs  usinn  radionuclides.  The  evaluation  of  osseous  healinp,  of 
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bone  ;4rafts  in  clinical  practice  is  dependent  on  qualiUitu  e parameters  includin<r^ 
radiographs  and  empirical  juds;anent  of  the  sui’f;eon  concerning  the  sta))ilit>'  of 
the  gTaft.  These  parameters  are  imrelialile  in  the  early  phases  of  healing,  and 
other  laboratory  techniques  are  invasive  which  involve  tissue  destruction  and 
usually  I'equire  termination  of  the  procedure.  There  is  a need  for  a method  cjf 
bone  graft  evaluation  wliich  will  provide  a quantitative  measure  of  osseous  re- 
pair by  means  of  data  that  cam  be  acquired  sequentially  and  by  nonin\'asi\'e  tech- 
niques. For  the  past  3 years  studies  have  been  proceeding  in  our  laljoratory  to 
evaluate  \arious  bone  graft  systems.  Autologous  and  allogeneic  systems  were 
studied  and  e\  aluated  by  a num.ber  of  parameters  including  sc-quential  radio- 
graphs, radionuclide  imaging  and  end  point  histologic  documentation.  A direct 
correlation  l)ctween  histological  activity  and  radionuclide  image  profile  has 
been  demonstrated.  A radionuclide  image  profile  was  found  to  be  a relial^le 
instiaiment  for  assessing  the  fate  of  bone  transplant  in  the  immdible  of  an  ani- 
mal model  and  preceded  by  several  months  the  positive  correlation  of  radio- 
graphic  interpretation. 

The  image  profile  is  devek)iied  for  the  various  graft  systen\s  liy  interfacing 
the  gimima  camera  with  a minidigital  computer.  The  radionuclide  '^^^’^Tc-Sn- 
diphosphonate  is  utilized  as  the  imaging  agent,  and  the  resulting  data  are  trans- 
mitted from  the  gamma  camera  to  a computei’  for  tlisplax’  ;uid  analysis.  H\  tlie 
use  of  special  localization  techniques,  specific  locations  in  the  graft  and  adja- 
cent host  f)one  could  be  rcproducibly  \ isualiz.ed  on  successix  e images.  A ratio 
of  activitx'  was  developc'd  l)etween  grafted  and  ungrafted  mandible  in  order  to 
determine  the  progress  of  activity;  this  activity  is  then  expressed  as  a normal- 
ized ratio  in  the  various  zones  of  the  gi'afted  bone.  The  activitv  is  then  plotted 
for  the  period  of  study,  t'ariations  in  osteogenic  aedivity  between  indi\  idual 
grafts  can  be  dctei'mincd  and  verified  b\  subsetiuenl  radiograi)hic  and  histolog- 
ical evaluation.  This  tcchnuiue  pro\  ides  sensitix'c,  noninvasivc,  ciuantitatix  c 
data  that  i^ortrav  alterations  in  bone  phvsiology  |K'rceived  as  a result  of  osseous 
repail'. 

This  method  may  [iroxe  useful  in  the  ex'aluation  of  soldiers  who  lia\  t‘  sus- 
tained skeletal  trauma  and  rciiuire  lione  grafting. 


SEQUENTIAL  QUANTITATIVE  RADIQNUCLIDE  EVALUATION 
OF  MANDIBULAR  BONE  GRAFT  REPAIR 


Principal  Invpstiyator  J.  F.  Kelly,  Nava!  Medical  Research  Institute 
Collaborators  J.  D.  Cagle,  Nava!  Medical  Research  Institute: 

G.  J.  Adler  and  R.  L.  Donovan,  AFRR! 

Technical  Assistance  H.  E.  Bourne,  E.  L.  Barron,  J.  K.  WarrenleltJ 
and  M.  E.  Flynn 

Methods  for  evaluating  healing  of  bone  grafts  are  of  imitortance  in  treat- 
ing patients  who  have  sustained  bone  injuries  which  require  grafting.  .\  par- 
ticularly important  group  is  the  soldier  who  has  sustained  a facial  wound 
which  has  disrupted  the  mandible. 

We  have  previously  shown  that  radionuclide  bone  imaging  using  a gamma 
camera  interfaced  to  a digital  computer  is  a feasible  method  to  evaluate  rt‘- 
pair  in  mandibular  bone  grafts.  However,  our  prior  analvsis  of  the  radio- 
nuclide studies  was  based  on  qualitative  judgments  because  of  th(  inability  to 
reproducibly  localize  specific  areas  on  sequential  images.  To  d(>\-elop  qvian- 
titative  data  it  is  necessary  to  measure  the  radionuclide  activity  from  selected 
regions  in  the  bone  in  successive  examinations. 

The  mandibles  of  five  dogs  were  partially  dedemated  bilatc-rally , leaving 
the  two  most  distal  molars  and  the  incisors  in  the  jaw.  J hree  months  later, 
a surgical  defect  was  produced  in  the  midportion  of  the  right  mandibular  l)ody 
by  resection  of  a 20-mm  full  thickness  bone  segment  after  lateral  application 
of  Sherman  bone  plates.  LyophilizecI  I'ii-mm  segments  oi  alloccmeie  mandible 
as  •'T''  shaped  trays  wiu'e  filU'd  with  alloceneic  crushed  eoriieal  bon'-  and  tran.- 
planted  to  the  mandibular  defects.  Submento-occlusal  radiographs  aiul  radio- 
nuclide bone  images  were  obtained  at  1,  2,  4,  (i  and  x weeks  and  at  monthly  in- 
tervals thereafter.  The  imaging  systcmi  eonsistc'd  of  a gamma  eann-ra  inter- 
faced to  a digital  minicomputer.  Digitized  gamma  camera  images  w<  re  col- 
lected in  a (14  x (14  array  and  stored  on  magnetic  tapm  The  results  of  the  stud\ 
provide  quantitative,  sequential  evidence  of  a prolonged  but  constant  renaii' 
process  in  the  grafted  mandible.  Corresponding  mdiographs  did  not  re\cal  the 
sustained  repair  activity  and  could  not  quantitate  repair  iii  am  fas'uon.  I he 
radionuclide  method  is  sensitive'  and  noninx'asive  and  iirn\idi's  f|iia:it  itat  i\e  as- 
sessment of  the  progress  of  osseous  reptiir  in  healing  boTU's.  Th.is  ma\  be  ns,  - 
ful  in  the  follow-up  care  of  soldiers  who  nc-ed  bone  grafting  to  repait  osseous 
injuries. 
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A MULTIPLE  ANIMAL  ARRAY  FOR  EQUAL  POWER  DENSITY 
MICROWAVE  IRRADIATION 

f’rincip.il  Invustiq.itors  S.  A.  Oliva  and  G.  N.  Catravas 

Microwave  research  on  biological  subjects  has  in  the  past  experienced 
problems  in  illuminating  significant  numbers  of  animals  with  a uniform  power 
density  electromagnetic  field.  The  problem  of  generating  such  a uniform  field 
has  l('d  some  investigators  to  present  new  techniques  for  producing  microwave 
exposure  systems  which  can  illuminate  large  volumes  using  parabolic  reflec- 
tors and  a minimum  of  anechoic  material.  While  such  techniques  arc  certainly 
useful  in  increasing  the  area  over  which  power  density  can  be  maintained  to 
within  a 1 3 dll-variation,  they  cannot  help  to  reduce  the  perturbations  which 
are  created  in  the  field  by  the  introduction  of  biological  subjects,  which  are 
capable  of  reflecting  in  random  directions  large  percentages  of  the  microwave 
energy  incich'nt  upon  them.  I’he  interfeixmce  patterns  created  by  these  reflec- 
tions have  made  it  impossible  to  predict  with  accuracy  the  exact  power  density 
at  any  particular  location  within  a closely  spaced  multiple  animal  array.  In 
add'tion,  many  exposure'  facilities  which  do  not  utilize  techniques  for  broaden- 
ing the  uniform  field  as  described  above  have  been  constructed  and  are  in  use. 

1 h(  arrays  used  in  multiple'  animal  e'XfKisure-s  have  typically  been  of  the' 

’che'clce  rboard"  \anetv.  with  closely  aeijacent  cubicle's  of  Styrofoam  lined  up 
in  a eompaet  idaiK  ]ie  rp('nrlieula r to  the  axis  of  the'  transmitting  antenna.  SiU'h 
an  exiwsure  facility  allows  significant  variation  in  the'  )iowe'r  re'e'e'i\e'd  by  tiu' 
animals,  flue  to  some  auima's  being  off  the-  axis  of  the  transmitting  antenna, 
anr!  to  the  int('rferene-e'  patterns  si'f  up  liv  the  animals  themse'lves. 
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In  the  past,  the  above  techniques  have  been  adequate  in  determining  the 
gross  effects  of  microwave  exposure  on  biological  subjects.  The  necessity 
today,  however,  is  not  to  be  sure  of  the  power  within  a few  decibels,  but  to  be 
sure  within  a few  percent. 

.'\n  exposure  array  has  been  devised  that  negates  these  disadvantages  and 
enables  simultaneous  irradiations  of  multiple  animals  at  uniform  average 
power  density  (+  5 percent).^ The  array  consists  of  microwave  transparent 
cages  positioned  in  accordance  with  the  natural  characteristics  of  the  micro- 
wave  field  and  separated  sufficiently  to  insure  minimum  interaction  between 
animals  due  to  microwave  reflection.  The  array  has  been  tested  in  an 
anechoic  chamber  at  a frequency  ol  2430  MHz  using  an  isotropic  Held  imobe. 
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MODIFICATION  OF  A MINICOMPUTER  DATA  ACQUISITION  SYSTEM 
FOR  MULTIPLE  USE  UTILIZING  DIRECT  MEMORY  ACCESS 

Prinaii.il  lnv''Sti(|,itois  S.  A.  OHva,  R.  L.  Donn/an,  AhRRI; and 

A.  H.  Shitner,  Digital  Equipment  Corporation 

Minicomputers,  with  their  low  initial  cost,  small  sizt'.  and  relative  sim- 
plicity of  design,  have  b(>come  very  popular  in  tiata  acquisition  systems  for 
use  in  biological  research,  as  well  as  other  areas.  In  addition,  the  growth 
in  cat'ability  of  minicomputer  systenis  has  led  to  the  development  of  complex 
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multiprogramming  operating  systems  designed  for  them.  To  use  a mini- 
computer for  both  real  time  data  acquisition  and  batch  job  processing  is  there- 
fore very  attractive.  To  maximize  system  throughput  in  such  a system  en- 
vironment, the  acquisition  of  analog  data  should  utilize  direct  memory  access 
(DMA), 

Many  minicomputer  systems  have  the  capability  of  DMA  on  one  data 
channel,  with  the  intent  of  maximizing  the  data  acquisition  rate  for  that  chan- 
nel. In  a multiprogramming  environment,  however,  the  reduction  of  proc- 
essor time  necessary  to  sustain  a given  data  acquisition  rate  for  multiple  data 
channels  (usually  not  under  DMA)  becomes  important,  even  at  rather  low 
throughputs.  In  situations  where  high  data  acquisition  rates  are  not  the  pri- 
mary purpose,  but  rather  multichannel  data  acquisition  with  minimal  effect  on 
the  processor  performing  other  tasks,  the  solution  is  multiple  channel  DMA. 

A modification  of  a multiplexed  16-channel  data  acquisition  system  originally 
capable  of  DMA  on  only  one  channel  has  been  developed  to  allow  DMA  on  one, 
two,  four,  eight,  or  sixteen  channels. ^ 
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A METHOD  OF  MEASURING  THYROID  BURDEN  OF  ‘'^^l 

Principal  Invostinators  V\i.  R.  Webber  and  R.  L.  Donovan 

Laboratory  workers  producing  1^25]  labeled  compounds  may  ingest  or  in- 
hale small  quantities  of  radioactive  iodine  which  is  deposited  preferentially  in 
the  thyroid.  Measurement  of  the  thyroid  burden  is  required  to  quantify  the 
radiation  dose  to  the  individual  and  to  provide  early  warning  of  possible  health 
hazards.  We  have  developed  a rapid,  accurate  method  of  measuring  thyroid 
burden  using  an  .Anger  camera  and  pulse  height  analysis  techniques.^  The  pro- 
cedure requires  2 to  2 minutes,  equipment  commonly  available  in  a nuclear 
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mc'diciiu'  clcpurtnu'iit , and  causes  no  discomfoiM  for  tlie  subject.  The  minimum 
deteelat)le  amount  of  ’-•'’b  has  I)een  found  to  be  ~1. 0 nC’i  with  a countins  time  of 
100  sec-onds.  The  linearity  of  the  method  has  been  measurcfl  usins  an  Oak 
Hicls'e  Institute  of  Nuclear  Studies  thyroid  phantom  and  soui’ces  traceable  to  the 
National  Rureau  of  Standards.  The  method  is  in  rcRular  use  to  accui'ately 
evaluate  the  thyroid  burden  of  our  pc-rsonnel. 
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BEHAVIORAL  SCIENCES  DEPARTMENT 


Tlu'  Heliavioral  Scioncos  Departjiient  is  concfrned  with  ilevelopiiii;  a i)c-tU‘i' 
understandiii;^  ol  tlw  acuU'  cdlfcts  ol  e.\ix>sure  to  i-adiation,  chemicals  and  di’ii”S 
on  Ijehavior,  traineil  |x,>rl'ormance,  neiirolo<>ical  intc;j,idty  and  physiology  of  ex- 
perimental animals,  and  ex  ti’ a isolation  of  these  data  to  man.  Research  projects 
in  siip|)ort  t)f  these  objecti\  es  are  condiictetl  hx'  the  three  divisions  of  the  lk‘ha\- 
ioral  Sciences  ! .'cpartment,  and  in  collaboration  with  other  departments  of  the 
Institute,  the  N'tival  Meilical  Research  Institute,  the  Food  and  I ru};' Administra- 
tion, the  .National  Institutes  of  Health,  and  several  universities  witliin  the  area. 

( >n  1 July  l‘J7(i,  the  scientific  base  of  the  Heliavioral  Sciences  Itepartmcnt 
was  bioadi-ned  b\  the  adilition  of  two  investi^;ative  teams  from  the  Neurobiolot>\ 
IJcpartment.  l)i'.  W . A.  Hunt  ;md  his  .uroup  becmiie  n.embers  of  the  Physiolo';- 
ical  Psychology  Ui\  ision,  providins;  the  caiialiilitv  of  orf^anic  pharmacological 
research,  l)i-.  .M.  t:.  Coldberi;  and  his  te;uii  form  the  core  of  the  new  Fxper- 
imental  Neurology  l>i\isit)ii  and  provide  exiiertise  in  basic  neuroloj>ical  sciences. 
I he  l eseari  h efforts  of  these  two  teams  for  the  past  year  are  thus  reixirted 
u itliin  this  scclioi}. 

The  primary  research  activities  of  the  department  durinf;  the  past  year 
have  been  to  determine  the  effects  of  tactical  nuclear  weapon  radiation  on  lie- 
havior  and  performance  of  man  in  a combat  situation.  Fmphasis  has  been  on 
cwaluatin,;;  the  effecLs  of  hif^ii-enei'j;}’  neutrons,  mixed  j;amma-neutron  fields 
of  \arvim;  ratios,  and  physical  ai'tivity  \ is-a-vis  cognitive  task  in  rehition  to 
ri-siionse  to  raiiiation. 

Research  studi  int;  the  bioelectric  chani;es  in  the  central  nervous  system 
is  iirovidiii”  clues  to  tlie  possible  dcielopment  of  methods  to  prevent  or  modifi 
performance  decrements  caused  by  hit;h  dose  radiation  exjiosure. 

llehai  ioral  toxicolo«;v  scrceniiif;  methodolo.nies  for  neonatal  piifs  (FDA 
stud'es*  and  for  rodents  and  primates  (Na\al  Medical  Rcsearc-h  and  Dcvelo]>- 
ment  Command  studies)  cmitinucd  tf)  lie  evaluated.  These  uni({uc  methodol- 
o;;ies  are  prov  iding,  inlormation  for  estalilishiii”'  maximum  permissible  occu- 
pational levels  foi-  industrial  and  military  em  ironnuaits  anil  have  promise  of 
dcM'lopinn  into  models  for  use  in  collateral  and  combiiu'd  injuiw  studies. 

Results  of  the  15eha\  ioral  Sciences  Department  rescarc-h  |)roi;rams  ai’c 
lonsardeil  to  the  si'iwiees  and  aiipropriate  ai;i'neies  by  informal  reporls,  in- 
coi  |)orated  info  committi'e  and  workiii”  j^roup  ri'ports,  discussion  and  corres- 
pondeiii  e as  well  as  beiiii;  made  available  to  the  scientific  communitv  tltrovii;h 
AFRRI  ami  open  literature  seientifie  rejiorts  and  presentations. 
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PRIMATE  PHYSICAL  ACTIVITY  FOLLOWING  EXPOSURE  TO  A SINGLE 
4600-RAD  PULSED  DOSE  OF  MIXED  GAMMA-NEUTRON  RADIATION 


I’tiiu  ip.il  Invr-.li  |,ii' Ji  C.  G.  Franz 

I -'I  turn  ill  Assisi. irii  i L.  Clark,  C.  H.  Avila,  J.  E.  Crawford,  Jr.  and  P.  E.  Helnicj,  Jr. 

The  inajoi’it.v  ol  studies  investigating  |)riniate  heliavior  lollowin^  exiKisiire 
to  lu”ti  doses  of  ioni/iii”'  radiation  have  usi'd  animals  confined  to  restraint 
chairs  ;uid  trained  to  |x.‘rfor]ii  a learned  task  reciuirinj;  little  physical  mo\f- 
ment.  A few  studies  usiiii;'  unrestrainetl  animals  liav f indicated  that  thei'e  are 
differences  in  the  [Kistii’i'adiation  resixnise  of  restrained  animals  ajid  unre- 
strained, physically  active  animals.  This  observation  is  ol  considerable  in- 
terest to  the  military  services  vvliich  have  jiianv  missions  recjuirin;,;  move- 
ment or  physical  activity  for  combat  effectiveness.  Thus  the  objective  of  this 
study  was  to  determine  the  effects  of  hii;h  neutron  in  '"i  d|  i-adiation  on  the 
performance  of  a physical  activity  task.  This  sUidy  covei'cd  the  efiects  of  a 
KiOD-rad  jjulse  (n/f'  II,  pulse  width  .jU  mseci  on  the  perform;un  e cairibilitv 
of  In  male  rhesus  monkeys  trained  to  o))ei'ate  a physical  activ  ity  wlieel  as  a 
nonmotorized  treadmill.  The  pattern  of  jiostexposure  iiu-apacitation  was  (1)  an 
early  onset  of  incapacitation  with  NO  pei’cenl  of  the  aniinals  incai)acitated  within 
N min  |X)Stexi)osure;  (2)  an  apj)arent  rc'  ' verv  Irom  incapacitation  with  only  .‘10 
percent  of  the  animals  inc-apaeitated  between  la  and  70  min  postexjiosurc  (.'ii  a 
steady  increase  in  the  number  of  animals  exhibitiny  incajiacitation  until  OO  ix.m'- 
cent  were  incapacikited  lii'tween  lOa  min  and  the  end  of  the  test  ix’riod  0 houi's 
postexixvsure  (Figure  llJa).  Bv  2 1 liours  postexposure,  !)0  percent  of  the  ani- 
mals were  inca))acitated.  The  percent  of  the  available  work  time  lost  to  in- 
capacitation follows  closely  tlie  pcivcnt  ol  yroup  incapacitated  (Fiyurc-  l.'!bi. 
(iroup  mean  perfonnance  for  animals  when  not  incai)acitated  was  as  ; 0 per- 
cent of  basedine  throuyhoul  the  0 houi'  lest  pendod  (Fiy-ure  laci.  Survival  tinu' 
for  the  yroup  i-anyed  fi-om  7 to  1112  hours,  w ith  a mean  of  .'17  h.ours.' 
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EFFECT  OF  ELECTROMAGNETIC  PULSE  ON  AVOIDANCE  BEHAVIOR 
AND  ELECTROENCEPHALOGRAM  OF  A RHESUS  MONKEY 


i 

I 

f 
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Principal  Invesliyatots  J.  L.  Mattsson  and  S.  A.  Oliva 

Tediriical  Assislance  W.  N.  Fry.J.  P.  Alligood,  D.  N.  Stevens  and  E.  L.  Ross 

Upon  detonation,  nuclear  weajxrns  create  an  electromagnetic  pulse  as  we  ll 
as  blast,  thermal  and  radiation  energy.  The  electTomagnetic  jxilse  is  luiown 
to  have  a deleterious  effect  on  some  t\rpes  of  electi’onic  eciuipment,  !uit  it  is 
not  known  if  electromagnetic'  pulse  has  an  effect  on  personnel.  .Mo.-^i  animal 
research  'lata  are  negative,  Init  the  research  was  performed  on  untrained  ani- 
mals, with  few  exceptions.  The  objective  of  this  experiment  was  to  ew  aluate 
the  effects  of  repeated,  higli  intensity  electi’omagnctic  pulse  on  tlie  electro- 
encephalogram and  performance  of  a highly  trained  rhesus  monlcey.'  A 1‘2-kg 
male  rhesus  monlcey  was  exposed  to  electromagnetic  pulse  at  2(>(i  k\’  m,  .I 
pulses  per  sec,  for  1 hour  (18,700  pulses).  The  effects  of  eleetromagiietie 
pulse  on  Sidman  avoidance  behavior  and  on  postexposure  electroencephttlogriun 
wei'e  evaluated,  and  no  significatit  clianges  were  detected.  An  antilysis  of  an 
electromagnetic  pulse  showed  tliat  it  contained  various  frc<iucnc>'  components 
extending  from  0 II/.  to  10^  ilz.  However,  the  pulse  eoiifigairation  was  such 
that  its  power  was  mainly  confined  to  the  longer  wavelengths  i<  20  Mll/i.  The 
lack  of  biologic  effect  was  attributed  to  the  fact  that  tlie  wavelengths  were  long 
relative  to  the  size  of  the  monkey,  and  little  enei-gy  deixisition  was  likely  to 
occur.  In  addition,  the  electric  field  was  evenly  distributed  across  all  lower 
frequencies  so  that  only  a very  small  elec  ti'ie  field  component  existed  at  anv 
spc'cific  low'  frequency. 
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EFFECTS  OF  CHRONIC  INHALATION  OF  PROPYLENE  GLYCOL 
1,2-DINITRATE  ON  THE  CONDITIONED  AVOIDANCE  BEHAVIOR 
OF  PRIMATES 


I’nii'  i;mI  Itwi'Si'ii.ii'TS  R.  l/r'.  Young,  C.  R.  Curran  and  C.  G.  Franz 

Cull.il  L.  J.  Jenkins,  Jr.,  Nava!  Medical  Research  Institute 

1 .M  hnu  ,il  Asm  i.ini  G.  G.  Kessell,  AFRRI;  R.  A.  Jones  and  M.  E.  Andersen, 

Naval  Medical  Research  Institute 

Proijylcne  j;lycol  dinitrate  has  been  reported  to  produce  toxic  effects  at 
concentrations  as  low  as  l..‘J  for  acute  exposures  of  8 hours  or  less. 

Since  there  are  situations  in  which  military  personnel  could  be  exposed  to  pro- 
pylene u'lycol  dinitratc,  we  undertook  a study  to  assess  the  effects  of  chronic 
c\|x)surc  to  the  vaix)rs  of  tins  material.  In  order  to  accomplish  this  objective, 
a stucK'  was  conducted  in  whic-h  four  primates  (Macaca  mulatta).  trained  to  a 
multiple  avoickmce  schedule,  were  evaluated.^  The  schedule  consisted  of  alter- 
nating sessions  of  discrete  trial  cued  avoidance  and  free  operant  avoidance, 
se^)aratcd  bv  .‘>-min  rest  periods.  T>vo  of  the  animals  were  exposed  to  succes- 
sive atmosplicric  concentrations  of  propylene  ft'lycol  dinitrate  vapors  of  1.8, 

•").  (i,  11.  0 and  28. 2 m^Ao^.  Exposure  occurred  on  a 23-hour  per  day  basis 
in  a Roches ter-type  inhalation  cluunber  at  the  Navy  Toxicology  Unit.  Consec- 
utive ex|X)sures  lasted  3.d,  .dG,  20  and  11  days  respectively.  The  other  two 
animals  were  lioused  in  tin  identical  inhalation  chamber  but  remained  in  an 
ambient  atmosphere  for  the  duration  of  the  tcstir4;'  period.  These  animals 
sen  ed  tis  l ontrols.  i’ltisma  concentrations  of  propylene  glycol  dinitrate  ap- 
peared to  inci'ease  each  time  the  chtimber  concenti’ation  was  increased;  how- 
evei',  none  of  the  four  propylene  glycol  dinitrate  concentrations  had  a discern- 
ible effect  on  aioidtmce  behavior.  There  was  no  measurable  change  in  the 
o\  erall  liehavior  of  eithi'r  test  tinimal  which  could  have  been  attributed  to  gen- 
eral debilitation,  sensory  deficit,  or  motor  dysfunction.  Food  ;ind  water  con- 
sum[)tion  remained  unchanged.  Necropsy  and  histopathological  ex;iminations 
W'-re  negative.  'I  Ids  study  employed  behavioral  performance  measures  as 
indiecs  of  tlic  (ircsence  or  absi-nce  of  toxic  effects  that  could  be  important  in 
exposure  situations  in\ol\  ing  military  {xirsonnel,  and  indicates  that  for  the 
c'onccntrations  tested  no  gross  toxicitx'  should  be  expected  for  even  continuous 
exposures  for  the  durations  tested. 
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THE  INCIDENCE  OF  RADIATION  INDUCED  INCAPACITATION  AS  A 
FUNCTION  OF  PHYSICAL  CONDITIONING  AND  TASK  PERFORMANCE 


i 

I 

1 

i 
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f’lUK  ip.il  iMvrstKuituis  R.  W.  Young  and  C.  G.  From 
|p(lmii,il  Assisi, inci'  J.  R.  Harrison,  P.  Mannon,  G.  G.  Kessell. 

C.  A.  Reward  and  L.  Clark 

Data  obtained  in  this  lal)oratory  susRcst  that  ionizing  rnrliation  may  i)ro- 
duc(‘  nioi’o  dc'bililation  in  pidmatc'S  pt-rforming  a physical  task  than  in  those 
performing  a eognitixe  task.  Thus,  this  study  was  undertaken  to  compare 
the  relative  incidence  of  incapacitation  for  a physical  and  a lognilive  task- 
after  irradiation,  and  to  evaluate  the  effecd  of  preirradiation  physical  condi- 
tioning on  th(‘  ])ostirradiation  performtinc'c  of  th(>  monkey. 

'J  wenty-fiv('  male  i-hesus  monkeys  (Macaca  mulatia)  uerc  used  as  sub- 
jects in  this  study.  'J'en  of  these  animals  were  trained  to  a discrete-trial, 
shock-avoidance  visual  discrimination  task.  'I'hesi'  sulijects  weri'  trained, 
maintained  and  irrarliated  in  primate  chairs.  'I'en  other  monkeys  were 
trained  to  perform  a free-oj)erant , shock-avoidance  physical  activitv  task. 
These  animals  were  maintained  in  cages  and  truiticrl  and  irrarliatrd  in 
a physical  activity  wheel.  'J’he  five  rmnaining  monkeys  wc-re  trained  to  the 
disc-rete-trial  \isual  discrimination  task  in  the  primate-  chair,  iihysically  con- 
ditifiiK'd  in  the  physical  act ivity  whei-l,  then  irradiate-d  in  the  pi-imate  chair 
while  performing  the  visual  ciiscriminat  ion  task.  ,\11  of  the  subjects  wen- 
im-adiatc'd  with  •l.'iOO  rads  (midhead  dose-)  in  a single  whole-body  pulse  of  high 
nc'utron  radiation  (n  'g  = 111  from  the-  'I'HlCiA  reactoi-. 

Th('  analysis  of  these  data  indie-ates  that  the-re-  was  no  differi'in.,  in  the 
percentage  of  the  groups  ('Xf)erienci ng  inca()acitat ion  within  the  fn-sl  hour  of 
irradiation  ("^0  |)crcen(  in  all  c.ases)  and  Ih.at  the-  differences  in  percent  of 
time  incapacitated  between  the  groups  wc-re  not  signific-ant . 1 here  was  a sta- 

tistically significant  difference  in  survival  time  (p  .Ob,  Mann-Whitney  l - 
test)  between  tlu'  unrest  rained,  physicalh'  active  animals  i\  07  hoursl  and 
the  animals  irradiated  in  (irimate  chairs  whether  phvsicall\  londit  ionerl  (x 
- It)  hours)  or  not  tx  1.0  hours). 

These  r<'sults  suggest  that  for  radiation  rloses  large  enough  to  incapac- 
itate most  <anim;ils,  task  differences  and  |)i’('irradiat  ion  phy  sical  conditioning 
ma\  ha\'c  less  effei-t  on  perfoi-manee  than  physical  activity  after  irradiation. 
These  d.'da  art-  potentially  significant  in  defining  the  interaction  of  radiation, 
(ireirradiat ion  physical  condition  and  postirradiation  acti\it\  on  the  postirra- 
diation eff('cts  seen  in  combat  personnel. 
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CROSS  TOLERANCE  BETWEEN  MORPHINE  AND  CHOLINERGIC  BLOCKING 
DRUGS  MICROINJECTED  INTO  THE  ANTERIOR  AMYGDALA 


PrinciprfI  InvostKjrttors  H.  Teitelbaum,  J.  F.  Lee  and  S.  G.  Levin 

As  an  example  of  cellular  adaption  to  chemical  stress,  the  study  of 
opiate  tolerance  provides  a useful  toxicological  model  for  radiation  research. 
Drug  tolerance  is  seen  after  repeated  treatment  with  opiates,  barbiturates 
and  alcohol.  The  mechanism  for  this  altered  sensitivity’  to  drugs  is  |X)orly 
understood.  One  theory  is  that  the  blood-brain  barrier  is  altered  so  that 
less  drug  gets  into  the  brain  in  tolerant  organisms. 

The  present  expermient  demonstrates  that  tolerance  to  morphine  can 
be  developed  in  a discrete  brain  region  where  the  drug  is  directly  injected 
into  this  region,  bypassing  the  blood-brain  barrier.  Microinjections  of 
morphine  and  other  opiates  produce  epileptiform  EEC  patterns  at  injection 
sites  in  the  anterior  amygdala.^  By  calculating  EEG  power  (mV“)  it  is 
possible  to  quantify  this  effect  in  order  to  study  dose-response  relations 
and  changes  in  sensitivity  with  repeated  administration.  When  tolerance 
to  morphine  (9  4g  in  0.9^1)  is  manifested,  cross  tolerance  to  scopolamine 
(18  4g  in  0.9  ^1)  and  hemicholinium  (1.5  ^g  in  0.9  4I)  is  found.  A morphine 
response  can  be  obtained  from  the  tolerant  injection  site  by  increasing  the 
morphine  dosage  to  27  ug  in  0.  9 4I.  Recovery  of  normal  sensitivity  to  these 
drugs  occurs  when  the  daily  drug  treatment  schedule  is  interrupted  for  18- 
25  days. 

The  experimental  methods  and  procedures  used  for  studies  of  opiate 
tolerance  are  being  applied  to  study  neurochemical  and  bioelectrical  alter- 
ations associated  with  radiation-induced  behavioral  incapacitation. 
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CLASSICAL  CONDITIONING  OF  HIPPOCAMPAL  THETA 
PATTERNS  IN  THE  RAT 

Pntirii  ,il  iMvi'SlHi.il'ir:.  H Teitelb.uim,  W.  L.  McFarland  amt  J.  L.  Mattsson 


romliliuiU'd  liipp(H  ;m)|>;il  rfS))on.si‘S  ;ii'C‘  tiiiK'  locked  to  a specific- 

stimulus,  and  can  l)c  localized  to  a distinct  cellular  laver  in  the  hippocamijus. 
For  these  reasons,  classicalh'  c-ondi(ioned  hippocampal  theta  responses  pro- 
vide a valuable  method  lor  studyiivA  cellular  alterations  that  are  associated 
with  radiation  ciamaye  in  a distinct  bi'ain  rei;ion. 


Flectric-al  stimulation  (S8  llx.)  of  the  lateral  hypothalamus  elicits  sus- 
tained theta  response  at  hi()[)ocampal  recording  sites  of  rats  immobilized 
with  suceinylcholine.  Ifv  pairing  this  unconditioned  stimulus  with  a 10-sec 
presentation  of  a li.yht,  the  conditioned  theta  consistently  ap[)ear  after  10 
trials.  When  the  conditioned  rats  were-  tested  in  the  absence  of  a neuromus- 
cular bloekini;  a;4cnt,  the  conditioned  stimulus  elicited  a theta  resjxinse  that 
was  associated  with  slow  locomotor  activity  in  70  percent  of  the  trials.  'The 
procedure  provides  an  assa\-  for  hippocampal  bioelectric  activih-  that  is  use- 
ful in  undersLmdin^  radiation- induced  behavioral  incapacidition.^ 
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INDUCTION  OF  MOVEMENT  IN  CATALEPTIC  RATS  WITH  STIMULATION 
OF  THE  LATERAL  HYPOTHALAMUS  AND  SUBSTANTIA  NIGRA 

Pntii  ip.i'  Invi'Sli'i'iUir;.  G,  A.  Mickley  anti  H.  Teitelhaum 
T.’.  hull  il  Assist. ini  I J F Lae  and  B A Dennison 

Disorders  ol  volunkirv  mmement  caused  by  administrtition  ol  druy,s  ;md 
toxic  ast'cnts  pro\  ide  a model  lor  the  akinesia  produced  In  rtuliation.  The  pres- 
ent experiment  investigates  the  relief  ol  halopi-ridol-inducc-d  caHk-psv  with 
electrical  stimuhition  of  the  brain.  Since-  hi^h  Ireiiuencv  biixdar  electrical 
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stimuJation  of  tlie  lateral  liyjjothalaa.us  produces  vij^orous  loeomoKu'  acth  it\’ 

< >'allent-e  haloperidol- induced  c atalepsy  witli  this  stin.- 
u at  on  llalopendol  s cataleptic  effec-t  is  the  result  of  dopaniiiierj-ic  recepU)r 
)lockade  Since  the  lateral  hypothalamus  contains  noradrenergic  and  sero- 
tonei-ic  fibers  in  addition  to  dopaminergic  fibers,  we  were  interested  in  com- 
pelling the  effects  of  lateral  hypothalamic  stimulation  with  stimulation  of  the 
dopaminergic  nigrostidatal  pathway  in  haloperido]  treated  rats. 

‘'1  a preliminary  experiment  we  ei  aluated  the  ability  of  various  amounts 
of  haloperiuol  to  produce  catalepsy  and  chose  a dose  which  exceeded  the 
bDioo.  Indrugged  (saline  control  injections)  stimulation-induced  activity 
was  observed  in  rats  with  electrodes  in  the  lateral  hypothalamus  and  sub- 
stantia nigra  Behm-iors  characteristic  of  lateral  hypothalamic  stimulation 
imluded  exploration- like  walking  and  sniffing,  while  nigral  stimulation  pro- 
duced more  stereotyped  movement  consisting  mainly  of  circling,  rearing  and 
emiing  to  one  side.  These  behaviors  were  quantified  by  the  use  of  a J Mayotte 
Instniment  actiyity  platform  which  measures  minute  vibrations.  Periods  of 
actnuty  surveyed  were:  (1)  ,‘io  sec-  immediately  before  stimulation  (prestimu- 
lation base  line),  (2)  the  15  sec  during  stimulation,  and  (.'!)  15  s :c  immedi- 

aUl)  poststimulation.  On  a different  day,  haloperidol  was  injected  and  the 
above  measures  were  again  taken  using  identical  stimulation  parameters. 

Haloperidol  treated  subjects  reacted  to  lateral  hyixithalumic  electrical 
stimulation  with  responses  c|ualitatively  similar  to  those  produced  with  lateral 
Miothalamic  stimulation  in  the  saline  control  sessions.  Stimulus  boimd  move- 
ment showed  a .1!)  ,x-rcent  reduction  after  haloperidol.  Stimulation  of  the  sub- 
stantia nigra  also  countered  the  haloperidol-produced  catalepsy  but  the  stimu- 
latmn  resjionse  was  reduced  bv  1 percent  u-hen  c-on>pared  to  the  undi-ugged 
base  Ime.  1 his  large  reduction  is  to  be  expected  since  the  substantia  ni-ra 
contains  a higher  concentration  of  dopaminergic  neurons  than  does  the  lateral 

UFiothalamus.  Poststimulation  mm  ements  were  drasticalh'  attenuated  in 
noth  groups. 


I hese  results  suggest  that  the  catah-psy  produced  In  halopcridcd  may  lie 
overccune  by  c cc-trk  al  stimulation  of  the  lateral  hypothalamus  and  substantia 
Migi  a.  Since  this  akinesia  is  similar  to  that  seen  during  radiation-pnxluced 
eai  ty  transient  incapacitation,  it  may  lie  possible  to  relieve  locomotor  deficits 
with  brain  stimulation  and  ultimately  mimic  these  electropin  siologu-al  effects 
thioigii  phai’macologica!  intericntion. 


A CHEST  HARNESS  AND  POLE  LEASH  FOR  ROUTINE  TRANSFER 
OF  RHESUS  MONKEYS  FROM  HOME  CAGE  TO  BEHAVIORAL 
TEST  APPARATUS  AND  BACK 

Pnnnpdl  Investigator  J.  L.  Mattsson 

TechniCcil  Assisuncu  J.  P.  Alligood  and  L.  F.  Robertson  III 

A chest  harness  and  pole  leash  method  to  transfer  rhesus  monl<eys 
(Macaca  miilatta)  weighing  up  to  1(5  kg  from  home  cage  to  primate  restraiitt 
chair  was  designed.^  The  harness  was  made  of  leather  straps  that  crossed 
the  chest  in  an  X fashion,  and  created  a V neck.  The  V neck  eliminated  tlie 
strangulation  hazard  of  neck  collars,  and  minimized  interference  between 
the  harness  and  neck  hole  of  restraint  chairs.  Two  pole  leashes  attached 
to  tw'o  jx)ints  on  the  harness  gave  the  handler  considerable  control  over  the 
posture  of  the  monkey,  making  it  easier  to  teach  the  monkey  to  walk  with 
a leash  and  to  climb  into  its  restraint  chair  or  test  apparatus.  During  trans- 
fer the  rigid  pole  prever  ted  escape  and  protected  the  handler  fx’om  attack. 
Quick  release  mechanisniS  on  the  pole  leash  allowed  prompt,  complete  sep- 
aration from  the  animal  when  it  reentered  its  home  cage. 
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THE  SUPERIOR  COLLICULUS 

Priricipdl  Invnstigdtofs  M.  E.  Goldberg  and  D.  L.  Robinson 

The  superior  colliculus  is  a laminar  structure  in  the  micllxrain  eonsisting 
of  layers  of  cells  separated  by  fiber  bundles.  The  neurons  in  (he  more  super- 
ficial layers  receive  affercnts  from  cortical  and  subcortical  areas  which  are 
most  directly  linked  to  the  visual  system.  .Afferents  to  progressively  deeper 
layers  are  progressively  more  distant  from  the  primary  visual  areas. 
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Neurons  in  the  superficial  layers  respond  most  dramatically  to  visual 
stimuli;  compared  to  the  visual  cortieal  neurons,  collicular  cells  are  less 
fastidious  in  their  stimulus  requirements  and  have  larger  receptive  fields. 

These  neurons  are  not  rigidly  locked  to  their  visual  afferents,  and  their  activ- 
ity is  constantly  modulated  by  eye  movements  and  other  nonvisual  factors.  Neu- 
rons in  the  intermediate  layers  discharge  prior  to  saccadic  eye  movements  in- 
to parts  of  the  contralateral  visual  field.  This  relationship  persists  rc'gardless 
of  the  mechanism  which  generates  the  eye  movement.  These  same  neurons 
also  respond  to  afferent  stimulation  from  other  modalities. 

Although  the  superior  colliculus  is  clearly  related  to  vision  and  eye  move- 
ments, the  deficits  resulting  from  its  destruction  are  rather  subtle.  Cats  with 
collicular  damage  tend  to  neglect  (heir  contralateral  visual  fieUl  whereas  mon- 
keys with  tcctal  damage  tend  to  make  fewer  saccadic  eye  movements  and  the 
initiation  of  such  eye  movements  is  delayed. 

These  anatomical,  physiological,  and  behavioral  data  ha\c  been  interpreted 
to  suggest  that  the  superior  colliculus  is  involved  in  the  selection  of  important 
stimuli  from  the  visual  environnumt . Such  a selection  process  is  critical  for 
various  aspects  of  visually  gviided  behavior.  .'\n  undtu'standing  of  the  role  of 
the  colliculus  in  visual  behavior  is  critical  both  to  an  understanding  of  normal 
vision  and  treatment  of  visual  diseases  of  humans. 


SUPERIOR  COLLICULUS  NEURONS  WHICH  DISTINGUISH  BETWEEN  TYPES 
OF  STIMULUS  MOVEMENT  HAVE  RESPONSE  ENHANCEMENT 

Priorie.il  lnv(.'Sli<).)tefS  D.  L Robinson.  AF R Rl,  and  R.  H.  I/Vum, 

National  Institute  of  Mental  Health 

We  hav('  studied  the  c'ffects  of  real  versus  self-induced  stimulus  move- 
ment on  2.11  neurons  in  the  superficial  layers  of  the  mon!;ev  superior  eolliiai- 
lus.“  Most  of  these  neurons  (h.o  pcmcent)  respond  to  stimuli  swi'pt  across  tlK'ii 
visual  receptive  field  while  the  animal  fi.xates;  most  of  these  same  neurons 
(fil  p<’rcent)  do  not  respond  when  the  animal  makes  a saccadic  movcmetit 
which  inducc's  comparable  stimulus  movement.  ( )f  the  cells  which  make  this 
differentiation,  many  have  a background  discharge  rate  liigh  enough  to  enalile 
us  to  observe  a suppression  of  firing  with  eye  movements  in  total  darkness. 
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This  indicates  the  presence  of  an  extraretinal  input.  On  the  basis  of  timing, 
directionality  and  postsaccadic  excitability,  this  extraretinal  sigtial  can  ac- 
count for  the  lack  of  response  of  cells  to  stimulus  movement  induced  by  an 
eye  movement.  We  have  found  that  cells  which  differentiate  between  the  two 
types  of  stimulus  movement  and  have  evidence  of  an  extraretinal  input  also 
have  the  enhancement  effect  (Figure  1-4).  1 These  cells  respond  to  a stationarv 
stimulus  flashed  in  the  receptive  field  while  the  animal  fixates.  The  response 
to  the  same  stimulus  is  enhanced  when  it  is  to  be  the  target  for  a saccadic  eye 
movement.  Thus,  these  cells  appear  to  be  extremely  sensitive  to  salient  stim- 
uli in  the  external  visual  environment,  since  they  receive  facilitatory  inputs  to 
enhance  their  response  to  significant  stimuli  (targets  for  saccadic  eye  move- 
ments) and  inhibitory  inputs  to  suppress  their  response  to  erroneous  stimula- 
tion (motion  caused  by  eye  movements).  An  understanding  of  the  mechanism 
of  processing  visual  information  through  the  colliculus  may  aid  in  the  preven- 
tion and  treatment  of  human  diseases  of  the  visual  system. 
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Figure  14.  Demonstration  of  response  enhancement  for  a superior  eol- 
liculus  neuron  which  distinguishes  between  real  and  self- 
induced  stimulus  movement.  A1  illustrates  the  response  of 
the  cell  to  rapid  movement  of  a stimulus  over  its  receptive 
field  while  the  monkey  fixates.  A2  shows  the  lack  of  re- 
sponse of  the  same  cell  when  the  animal  makes  an  eye  move- 
ment which  causes  similar  stimulus  movement.  B illus- 
trates the  response  of  the  cell  to  a stationary  stimulus  flashed 
in  its  receptive  field  while  the  animal  fixates  (HD  and  the  en- 
hanced response  to  the  same  stimulus  when  it  is  to  be  the  target 
for  an  eye  movement  (B2). 
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VISUAL-MOTOR  INTEGRATION  IN  MONKEY  SUPERIOR  COLLICULUS 

Prlnripal  Investlcjdtors  /?.  H.  Wurtz,  C.  W.  Mahler,  National  Institute  at  Mental  Health; 
and  D.  L.  Robinson,  AFRR! 

The  superior  colliculus  is  a central  structure  in  the  second  visual  pathway 
to  the  brain,  and  in  this  study  the  characteristics  of  collicular  cells  and  inputs 
were  analyzed.  The  monkey  superior  colliculus  can  be  separated  into  at  least 
two  divisions  according  to  the  functional  relationships  of  the  cells  to  behavior. 
Cells  in  the  superficial  layers  respond  to  visual  stimulation  and  cells  in  the 
intermediate  layers  increase  their  discharge  rate  before  saccadic  eye  move- 
ments. While  there  are  separate  inputs  and  outputs  from  each  of  these  groups 
of  layers,  the  frequently  held  assumption  has  been  that  there  is  a sequence  of 
processing  starting  with  the  superficial  visual  cells  and  moving  through  the 
intermediate  layer  eye  movement  cells  which  results  in  an  output  from  the 
deepest  parts  of  the  intermediate  and  deep  layers. 

We  think  that  our  data  can  be  used  to  reject  the  notion  of  downward  proc- 
essing. First,  in  order  for  the  most  dorsal  movement  cells  to  drive  deeper 
ones,  the  dorsal  cells  would  have  to  start  discharging  before  the  deeper  ones. 
We  find  in  fact  that  the  deeper  movement  cells  discharge  before  the  most  dor- 
sal ones.  Second,  for  the  dorsal  cells  to  drive  deeper  cells,  the  dorsal  would 
always  have  to  discharge  when  the  deeper  ones  do.  This  is  not  the  case.  We 
have  identified  a new  cell  (yt)e,  a visually  triggered  movement  cell  at  the  dor- 
sal edge  of  th('  mo\emenl  related  cells,  that  discharges  before  visually  trig- 
gered eye  movements  but  not  before  spontaneous  eye  movements.  Thc'sc  more 
dorsal  cells  could  not  drive  the  deeper  cells  during  spontaneous  eye  movements. 
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All  of  the  movement  cells  appear  to  be  better  related  to  the  monkey's  readiness 
to  make  a saecade  rather  than  the  metrics  of  the  saccade.  Instead  of  a down- 
ward sequence  of  processing  in  the  intermediate  layers,  these  findings  suggest 
a convergence  of  visual  and  movement  related  activity  or  a parallel  sequence 
of  processing.  If  there  were  an  upward  flow  of  information  in  the  intermediate 
layers,  the  celts  discharging  earlier  might  activate  more  dorsal  cells.  The 
visually  triggered  movement  cells  would  then  represent  a convergence  of  the 
upward  directed  movement  information  of  intermediate  layers  and  downward 
directed  visual  information  of  superficial  layers  and  be  a possible  efferent  cell 
from  the  colliculus. 


In  the  \ isual  cells  of  superficial  layers  there  is  also  indication  of  an  up- 
ward directed  activity  from  movement  cells.  Some  of  these  cells  show  an  en- 
hanced response  to  a visual  stimulus  when  the  monkey  uses  that  stimulus  as 
the  target  for  a saccade.  The  characteristics  of  this  enhanced  response  can 
be  entirely  explained  by  a projection  from  deeper  movement  related  cells  to 
these  superficial  layers  (Figure  15). 


Figure  15. 

Organization  of  inputs  and  outputs  of  superior  collicu- 
lus. The  solid  line  represents  a neuron  in  the  super- 
ficial layers  of  the  superior  colliculus  wliich  receives 
a visual  afferent  (shaded  arrow).  This  same  cell  also 
receives  a facilitatory  input  from  eye  movement  re- 
lated cells  either  in  the  intermediate  layers  (2)  or  the 
center  which  drives  the  intermediate  layer  cells  (1). 
Tliis  afferent  causes  the  enhancement  effect.  The 
same  superficial  layer  cell  also  receives  an  inliibitory 
afferent  from  an  eye  movement  related  area  (B)  which 
prevents  the  cell  from  responding  to  stimulus  move- 
ment caused  by  an  eye  moyement.  These  superficial 
layer  cells  converge  onto  a visually  tiiggered  move- 
ment cell  (shaded  circle)  at  the  junction  of  the  super- 
ficial layers  and  the  intermediate  layers. 


Some  cells  in  Uk-  siqierficial  layers  respond  to  stimulus  movement  in  the 
environment  but  do  not  respond  to  comjiarable  stimulus  movement  when  it  is 
generated  by  an  eye  movement.  It  is  unlikely  that  this  differentiation  is  due 
to  visual  factors  since  these  cells  continue  to  differentiate  when  these  experi- 
ments are  conducted  in  a darkened  environment.  These  cells  also  receive  an 
('xt raret inal  signal  which  is  appropriately  limed  to  eliminate  the  effects  of 
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stimulus  movement  caused  by  an  eye  movement.  Cells  which  differentiate  also 
show  the  enhanced  response;  however,  it  is  unlikely  that  an  input  from  the 
movement  cells  is  responsible  for  the  differentiation,  .'^n  understanding  of  the 
funcTion  of  the  colliculus  is  necessary  in  defining  and  treating  human  visual 
disorders. 


VISUAL  RESPONSES  OF  AREA  18  NEURONS  IN  THE  AWAKE, 
BEHAVING  MONKEY 


Principal  Investigators  J.  S.  Baizer,  National  Institute  of  Mental  Health; 

D.  L.  Robinson,  AFRRI;and  B.  M.  Dow,  National 
Eye  Institute 

The  mechanisms  underlying  effects  of  ionizing  radiation  on  visual-motor 
tasks  in  combat  are  not  understood  but  definitely  involve  some  disruption  of 
visual  perception.  The  degree  of  involvement  is  not  known  and  must  be  stud- 
ied and  quantified  in  animal  models.  It  is  possible  to  identify  those  parts  of 
the  central  nervous  system  necessary  for  visual  perception.  Once  these  areas 
have  been  identified,  their  sensitivity  to  irradiation  can  be  studied  more  pre- 
cisely. Visual  responses  of  area  18  neurons  were  studied  in  the  awake,  be- 
having monkey.  Cells  were  divided  into  six  different  classes  on  the  basis  of 
their  stimulus  preferences  and  spatial  characteristics.  Orientation  cells  were 
sensitive  to  the  orientation  of  elongated  stimuli.  Color  cells  had  nonoriented 
receptive  fields  with  spatially  coextensive  opponent  color  inputs.  Direction 
('ells  preferred  moving  stimuli,  giving  the  greatest  response  to  movement  in 
sor:c  direction  and  no  response  or  inhibition  to  movement  in  the  opposite  di- 
rection. Spot  cells  preferred  a properly  positioned  small  spot  of  light  and  re- 
qumded  equally  well  to  all  directions  of  stimulus  movement  (Figure  I6i.  Bor- 
ells  responded  best  to  a stimulus  that  filled  an  excitatory  region  without 

■ hing  on  a powerful  suppressive  flank.  Light -inhibited  cellj  had  high 

■ I sDontaneous  activity  that  was  reduced  or  abolished  by  light.  Most 
led*  <1  equally  Well  to  monocular  and  binocular  stimulation;  some 

i lls  greatly  preferred  binocular  stimulation.  In  conclusion,  in- 
s of  cells  in  area  18  perform  qualitatively  different  analyses 
I information.  Our  data  suggest  that  area  18  is  involved  in 
'inec  perceptual  difficulties  are  included  in  the  early  tran- 
urring  ix)st irradiation,  these  experiments  suggest  that 
= nsiii\e  to  ionizing  radiation.^ 
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riSiirc  111.  Krsponsc  of  a neuron  in  area  is  to  eight  direetions  of  stimulus 
movement.  slit  of  light  was  moved  in  the  direct'ons  illus- 
trated at  10^’  sec.  ■]  he  cell  resiionded  equally  well  to  all  di- 
rections of  movement  demonsi rat ing  (hat  it  has  no  directional 
selectivity  nor  is  its  reeeiMive  field  oriented. 
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BRAIN  ACETYLCHOLINE  LEVELS  UNDER  VARIOUS  CONDITIONS 
OF  ETHANOL  TREATMENT 

Principal  Invostirjators  tV.  A.  Hunt  and  T.  K.  Dalton 

In  order  to  develop  useful  pharmacologic  treatments  for  disease-  and 
injury- induced  states,  it  is  imporUuit  to  describe  the  changes  in  given  chemi- 
cals, i.e, , neurotransmitters,  in  the  central  nervous  system.  A study  of 
brain  acetylcholine  levels  was  undertaken  in  an  attempt  to  reconcile  discrep- 
ancies reported  on  the  effects  of  ethanol  ti’eatment  on  the  cholinergic  .sj'stem.^ 
Acetylcholine  levels  were  measured  in  seven  areas  of  bruins  of  male  Sprague- 
Dawley  rats  ;ifter  a sir4?le  dose  of  ethanol  or  after  the  induction  of  ethanol- 
dependence,^  At  various  times  after  treatment,  the  rats  were  euthanatized 
by  focused  microwave  irradiation.  The  excised  brains  were  dissected  into 
tlie  following  parts;  cerebellum,  brain  stem,  hypothalamus,  thalamus,  hippo- 
campus, caudate  nucleus  and  cerebral  cortex.  After  an  acute  dose  of  ethanol, 
acetylcholine  levels  increased  in  most  areas  of  the  brain  w’hen  blofxl  ethanol 
concentrations  were  quite  high  (Table  14).  As  blood  ethanol  declined,  acet>'l- 
choline  levels  decreased  to  below  control  values  (Figure  17),  with  similar 
results  observed  in  ethanol-dependent  rats  still  .inhixicated  (Table  14).  No 
alteration  was  observed  in  any  of  the  areas  studied  during  the  ethanol  with- 
draw'al  syndrome.  These  data  suggest  tliat  ethanol  treatment  exerts  multiple 
effects  on  the  cholinergic  system,  but  they  do  not  as  yet  support  a I’ole  of 
acetylcholine  in  the  expression  of  die  ethanol  withdrawal  syndrome.  Further, 
this  study  provides  more  information  on  the  development  and  exploration  of 
models  for  tlie  investigation  of  chronic  insults  to  the  brain,  such  as  long-term 
exposure  to  toxic  chemicals  ;ind  ionizing  ;md  nonionizing  radiation. 
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Table  14.  Regional  Aeetyleholine  Levels  After  Acute  and  Chronic  F.thjinol 
Treatment.  X’alues  represent  the  means  i S.  K.  Numbers  in 
parentheses  refer  to  the  number  of  animals  in  each  group.  In 
acute  experiments  animals  received  (i  g^kg,  per  os,  2 hours 
prior  to  the  end  of  the  experiment.  Blood  ethanol  levels  in  acute 
animals  were  445  f 25  mg/dl,  while  in  ethanol -dependent  animals 
still  intoxicated,  they  were  219  t 15  mg/dl. 


ACh  levels 

(nmoles/g  1 

S.E.) 

Controls 

Acute 

Chronic 

Intoxicated 

Withdrawal 

Syndrome 

Cerebellum 

7.6+0.69(22) 

8,4+0.51(5) 

7.2+1.17(8) 

6.310.50(7) 

Brain  stem 

24.2+1.28(21) 

30.911.42(5)* 

18.5+0.99(6)* 

27.011.69(6) 

Hypothalamus 

23.6+2.26(11) 

26.711.36(5) 

22.811.85(7) 

24.1+1.03(8) 

Hippocampus 

24.3+0.93(19) 

27.011.55(5) 

17.210.85(6)+ 

23.011.68(8) 

Caudate  nucleus 

46.011.48(10) 

57.012.41(5)* 

32.212.36(6)+ 

50.913.54(8) 

Cerebral  cortex 

19.bil.0^dl7) 

22.511.28(5) 

17.211.17(6) 

19.310.90(7) 

* p < 0.05 

+ p < 0.001 
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Figure  17.  Striatal  ACh  levels  after  a single  dose  of  ethanol.  Fach 

point  represents  the  mean  i S.  E.  M.  of  five  to  ten  animals 
* denotes  statistical  flifference  from  control  (p  < 0.05). 
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RELATIVE  INTOXICATING  DOSES  OF  ALIPHATIC  ALCOHOLS  AND  DIOLS 

Prin(.i|).il  lnv(‘stii!'it  rs  W.  A.  Hunt  and  M.  J.  McCreery 

'J'he  meclianism  of  alcohol-induced  intoxication  is  unknown.  I'rex  ious 
studies  using  a limited  number  of  alcohols  have-  suggested  that  they  exert 
their  depressant  effect  by  interacting  with  membranes  ancl  that  their  potency 
is  directly  related  to  (heir  membrtine  partition  coefficient.  In  the  jtresent 
effort  this  approach  was  expanded  to  include  a number  of  homologous  series 
of  aliphatic  alcohols  atifl  diols  which  were  tested  for  their  ability  to  induce 
intoxiciit ion.  Male  Spragaie-Dawley  rats  were  inieeteri  intrapentonetilh  with 
sev(>ral  doses  of  a given  drug  and  obserxed  for  (he  most  sexcre  signs  of  in- 
toxication as  dc'seribed  by  Maiehrowicz.  ' From  dose-respons('  curves  (lie 
dose  needed  to  produce  ;itaxi;i-2  xvas  determined,  of  over  tit'  compounds 
tested,  almost  all  of  them  induccfi  :i  behavioral  spectrum  of  intoxietit mn  xir- 
tually  identical  to  that  of  ethanol.  Within  a homologous  series  the  potenev 
increased  as  the  aliphatic  chain  xvas  lengthened  ipi  to  ti-s  carbons.  With  ad- 
flitional  carbons  the  iJOtency  progressixcly  fieedined.  A plot  of  log  olex  l 
alc-ohol  II2O  partition  coefficient',  xvas  limair,  supporting  a direx-t  ladtit ionship 
between  potency  and  part  it  ion  coefficient  (Figure  l.si.  Hydrocarbons,  although 
having  a high  ptirtition  coefficient,  were  inefftadixe  in  inducing  intoxication. 
These  rlata  suggx'st  that  the  amphophilic  nature-  (d  alcohols  is  essential  for  in- 
ducing intoxication  :ind  thtit  their  three-dimciisional  struelure  is  unimportant 
to  the  potency  except  ;is  it  affects  the  partition  coefficient.  The  dat.i  derixed 
from  this  sturiy  give  further  informatixin  on  how  sinpile  organic  molecules 
can  disrupt  nerx'c  function  and  could  htix-e  imtiel  ieality  iti  the  slttdx'  atid  treat- 
ment of  the  effects  of  a wide  variety  of  toxic  chemicals  on  behax  ior. 


85 


OLEYL  ALCOHOL/H2O 
PARTITION  COEFFICIENT 

Figure  18.  Potency  of  alcohols  as  a function  of  partition  coefficient. 

ED2  is  the  dose  of  alcohol  capable  of  inducing  ataxia-2. 
A sipfnificant  correlation  exists  between  the  two  param- 
eters (r  = -0.  93). 
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TEMPORAL  RELATIONSHIP  OF  THE  INDUCTION  OF  TOLERANCE  AND 
PHYSICAL  DEPENDENCE  ON  ETHANOL  AFTER  CONTINUOUSLY  SUSTAINED 
INTOXICATION  WITH  HIGH  DOSES  OF  ETHANOL  IN  RATS 

Pnni  ip,ii  Invcstiijtitors  E.  Majchrowicz,  National  Institute  on  Alcohol  Abuse  and  Alcoholism; 
and  Vi/.  A.  Hunt,  AFRR! 

Any  animal  m<xiel  for  ethanol  addiction  must  display  signs  of  tolerance 
and  dependence  to  be  valid.  This  study  v.as  undertaken  to  study  the  time 
course  of  de\  elopn.ent  of  tolerance  and  pliysical  dependence  using  a new  mod- 
el in  the  rat.^  Animals  were  treated  by  intragastric  intubation  of  a 20  per- 
cent ethanol  solution  in  doses  of  9-15  g/kg  in  three  to  five  fractions  for  1-7 
da,\  s.  Kthanol  doses  were  determined  individually  for  each  animal  utilizing 
intoxication-dose  relationships.  Tolerance  was  assessed  by  correlating  the 
signs  ci  intoxication  with  the  descending  blood  ethanol  concentration  during 
the  prodromal  detoxication  phase  of  the  withdrawal  period.  The  severity  of 
intoxication  was  measxired  using  a spectrum  of  signs  which  were  related  di- 
rectlv  to  the  blocxi  ethanol  concentrations:  coma,  loss  of  righting  reflex, 
ak'Lxia-.'J,  atm\ia-2,  ataxia-I,  sedation  and  neutrality.  As  blood  ethanol  con- 
centrations approached  100  mgv'dl,  the  ethanol  dependence  phase  emerged 
which  was  characterized  by  the  onset  of  a spectrum  of  signs  and  responses 
of  progressive  se\erity:  hyperactivity,  tremors,  spastic  rigiditj’  and  spon- 
taneous con\  Lilsi\  e seizures.  The  severity  of  the  withdrawal  syndrome  was 
rated  using  a scale  of  0-li.  The  results  of  this  study  demonstrate  that  when 
rats  are  treated  with  the  maximum  tolerable  doses  of  ethanol,  both  tolerance 
and  pliysical  dependence  can  be  induced  in  only  a few  days.  As  the  duration 
of  treatment  inci  eased,  the  blood  ethanol  concentration  for  a given  sigii  of 
intoxication  also  increased,  when  compared  to  blocxi  ethanol  concentrations 
observed  after  single  doses  of  ethanol  (Figure  19).  A significant  degree  of 
tolerance  was  demonstrated  for  all  signs  of  intoxication  after  I days  of 
treatment,  but  did  not  I'each  the  maximum  level  even  after  7 days  of  treat- 
ment. The  severity  of  the  withdrawal  signs  and  reactions  intensified  pro- 
gressivelv  as  the  period  of  ethanol  treatment  increased  (Figure  20).  .Maxi- 
mum intensih  ol  the  withdrawal  syndrome  evas  observed  after  -I  days  of 
treatment,  when  as  many  as  72  percent  of  animals  exhibited  severe  with- 
drawal signs  and  reactions  includiiiL:  conuilsive  seizures.  The  different 
time  courses  ol  development  of  tolerance  and  jihysical  dependence  might 
suggest  that  the  two  plicnomena  are  mediated  thi’ough  diffei'ent  mechanisms. 
The  I'csults  |iro\  ide  furtlier  information  on  the  use  of  animal  models  for  the 
study  of  chronic  insult  to  the  brain  as  related  to  human  alcoholism  and  its 
treatment  and  long-te  rm  exposure  Ic^  ionizing  and  nonionizing  radiation. 
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DAYS  OF  TRFATMENT 

Figure  19.  Time  course  of  acquisition  of  tolerance  to  ethanol  following 
sustained  intoxication  with  high  doses  of  ethanol.  All  ob- 
servations were  made  during  the  ethanol  detoxication  phase 
of  the  withdrawal  period  which  corresponds  to  the  descending 
limb  of  the  blood  ethanol  curve.  Kach  point  represents  the 
mean  blood  ethanol  concentration  ± S.  K.  at  the  onset  of  a 
given  sign  of  intoxication  during  the  ethanol  detoxication 
phase  of  the  withdrawal  period  or  after  a single  intubation 
with  ethanol  (o  g/kgl.  The  numbers  ijcside  the  blood  ethanol 
points  indicate  the  number  of  olist'rvations  used  for  the  as- 
sessment of  the  signs  of  intoxication.  The  asterisk  (*)  de- 
notes statistical  significance  from  control  using  Student's  'T' 
test  (P<  0.05i.  1, inear  regression  analysis  of  the  data  for 

sedation,  ataxia-1,  al:ixia-2,  ataxia-3  and  loss  of  righting 
reflex  showed  a significant  upward  trend  (l’<0.0f)i.  This  anal- 
ysis was  noi  performed  for  thf  data  for  neutrality  and  coma 
either  because  of  ir.sjffieient  daia  or  lack  of  linearity. 
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DAYS  OF  TREATMENT 


Figure  20.  Time  eourse  of  acquisition  of  physieal  dependenee  on  ethanol 
following  sustained  intoxication  with  high  doses  of  ethanol. 
The  average  weighted  withdrawal  score  was  obtained  by  mul- 
tiplying the  number  of  animals  given  a certain  withdrawal 
score  by  that  score  and  dividing  by  the  total  number  of  ani- 
mals for  eaeh  day  of  treatment.  The  numbers  in  parentheses 
denote  the  total  number  of  animals  used.  X“  analyses  be- 
tween each  successive  day  of  treatment  demonstrated  a sig- 
nificant upward  trend  in  the  withdrawal  scores  up  to  4 days 
{V'  0.05). 
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. Maichrowiez,  i;.  and  Hunt,  W.  A.  T('m))oral  relat  ionship  of  the  induct  ion 
of  tolerance  and  physical  depencU'nee  after  continuous  intoxication  with 
maximum  tob'i’able  dos('s  of  ethanol  in  rats.  Ilethesda,  Maryland, 
Armed  Forces  Radiohiology  Research  Institute  Scientific  Report 
SR7(;-4>-,  11)70. 


SUPPRESSION  BY  1,3-BUTANEDIOL  OF  THE  ETHANOL  WITHDRAWAL 
SYNDROME  IN  RATS 
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Pmik  lnvrstii|,itnis  E.  Majchrowic^,  National  Institute  on  Alcohol  Abuse 

and  Alcoholism;  lY.  A.  Hunt,  AFRRI;  and  C.  Piantadosi, 

University  of  North  Carolina 

Clinical  nianaj;emcnt  of  ethanol  withdi’awal  has  to  consider  a wide  variety’ 
of  complic'ations  including  neurological  dysfunction,  malnutrition,  liver  disease 
luid  general  psychiatric  and  clinical  deterioration.  A major  problem  in  treat- 
ment is  controlling  the  neuromuscular  and  autonomic  hyperactivit>'  associated 
with  withdrawal  so  that  exhaustion  can  be  prevented,  thus  allowing  necessary 
treatment  of  other  symptoms  to  proceed. 

Presently  available  diaigs  for  treating  an  ethanol  withdrawal  syndrome  are 
often  toxic  and  have  an  addiction  liability  of  their  own.  A structural  analogue 
of  ethanol,  1,3-butanediol,  has  been  known  for  a long  time  to  be  nontoxic  and 
was  tested  for  its  ability  to  suppress  an  vthanol  withdrawal  syndrome.  Male 
Spragrie-Dawley  rats  were  rendered  physically  dependent  upon  ethanol  by  intra- 
gastric  administration  of  9-15  g/kg  of  ethanol  per  day  over  a 1-day  period.  A 
nonintoxicating  dose  of  1, 3-butanediol  of  4 g/kg,  per  os,  administered  after 
elimination  of  ethanol  from  the  blood  was  effective  against  the  tremulous  and 
convulsive  comix)nents  of  the  withdrawal  syndrome  in  all  animals  for  1-5 
hours  (Figure  21).  This  period  oi  time  coincided  with  the  time  of  maximum 


TIME  BEFORE  TREATMENT  TIME  AFTER  TREATMENT 

(hours)  (hours) 

F'ij>urf  21 . LHcct  ol  1 ,3  butancdiol  (BO)  (4  g/kg,  per  os)  on  tlic  witlidrawal  score.  The  withdrawal 

score  is  defined  in  the  text.'  • • refers  to  untreated  ethanol-dependent  rats.  o>---o 

reiers  to  BlJ-treated,  ethanol-dependent  rats.  Time  zero  correspotids  to  the  point  at 
which  all  ethanol  has  been  eliminated  from  the  blood,  and  lor  BD-treatcd  animals  denotes 
the  point  at  which  Bl)  was  administered.  Numbers  in  parentheses  denote  the  number  of 
animals  observed,  while  each  point  refers  to  the  mean  ol  the  withdrawal  scores.  .Statistical 
differences  were  found  for  the  period  1-5  hours  alter  BI)  treatment  using  the  median 
test  (P<().05). 
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severitA’  of  the  withdrawal  syndrome  as  seen  in  the  control  animals.  These 
results  sufigest  that  1 , 3-butanediol  may  be  useful  in  the  treatm.ent  of  the  eth- 
anol withdrawal  syndrome  in  man.  Thus  1 , 3-butanediol  may  be  a clinically 
useful  drug  in  the  treatment  of  alcoholism.  ^ 
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LACK  OF  ALTERATION  IN  REGIONAL  BRAIN  ADENOSINE  3',5'-CYCLIC 
MONOPHOSPHATE  LEVELS  AFTER  ACUTE  AND  CHRONIC  TREATMENT 
WITH  ETHANOL 


f’nrK  ip.il  Invcstiiiritors  J.  D.  Redos,  American  University;  IV,  A.  Hunt  and 
G.  N.  Catravas,  AFRRI 

Proper  methodology'  plays  an  important  role  in  obtaining  valid  information. 
Recent  evidence  has  revealed  that  the  rapid  inactivation  of  brain  enzymes  is 
paramount  in  measuring  levels  of  3’,5'-cyclic  adenosine  monophosphate.  Pre- 
viously reported  studies  have  suggested  that  acute  and  chronic  treatment  with 
ethanol  induces  alterations  in  cyclic  adenosine  monophosphate  levels  in  the 
brain.  Because  th<'  methods  used  in  those  studies  to  minimize  postmortem  ac- 
cumulation of  cyclic  adenosine  monophosphate  are  now  considered  to  be  inade- 
quate, the  effects  of  ethanol  were  reinvestigated  using  focused  microwave  ir- 
radiation to  prevent  postmortem  cyclic  adenosine  monophosphate  accumulation. 
These  studies  were  extended  to  include  measurements  in  seven  areas  of  the  rat 
brain  after  a>’ute  adininistration  of  ethanol  and  in  animals  rendered  ethanol- 
dependent.*  Three  treatment  groups  were  examined:  acutely  treated  while  in- 
toxicated (b  g 'hg,  per  os),  ethnnol-dei)endent  while  intoxicated,  and  ethanol- 
de()endent  whih-  undergoing  a withdrawal  syndrome.  Animals  were  euthanatized 
l)V  a .‘{..'i-sec  focused  microwave  exposure  to  the  head  (1.2  k\V).  Tissue  sam- 
ph  W(  i-e  t'urified  1)\  adsorption  and  ion  exchange  chromatography  and  quanti- 
tated u.'-ing  a com()elitive  i>rotein  binding  assay.  No  changes  in  cyclic  adenosine 
monophosphate  levels  were  observed  in  any  of  the  brain  areas  studied  after  any 
of  the  ethanol  treatments  ( Table  15).  The  data  suggest  that  changes  in  cyclic 


adenosine  monophosphate  levels  in  the  brain  do  not  play  any  role  in  the  acute 
and  chronic  effects  of  ethanol.  The  results  further  demonstrate  the  importance 
of  methodology  in  neurochemical  studies.  This  has  considerable  relevance  in 
studying  potential  alterations  in  brain  chemistry  results  from  chronic  exposure 
to  toxic  chemicals  and  ionizing  and  nonionizing  radiation. 

Table  15.  Brain  Cyclic  Adenosine  Monophosphate  (c-AMP)  Levels  in 

Discrete  Areas  After  Various  Conditions  of  Ethanol  Treatment 


Cerebellum 
Brain  Stem 
Hypothalamus 
Thalamus 
Hippocampus 
Caudate  Nucleus 
Cerebral  Cortex 


c-AMP  Levels  (pmoles/mi 


Controls 

Acute 

Chronic 

Intoxicated 

Withdrawal 

Syndrome 

3.4  + 0.16 

3.2  + 0.08 

3.5  + 0.34 

3.7  + 0.19 

3.1  + 0.17 

3.0  + 0.08 

3.2  + 0.11 

3.0  + 0.24 

3.2  + 0.32 

3.2  + 0.19 

3.3  + 0.10 

3.4  + 0.26 

4.5  + 0.51 

4.5  + 0.36 

4.3  + 0.30 

4.3  + 0.34 

3.7  + 0.09 

3.7  + 0.39 

3.8  + 0.14 

3.8  + 0.24 

3.8  + 0.27 

3.5  + 0.18 

3.7  + 0.15 

3.3  + 0.24 

7.2  + 0.36 

7.2  + 0.28 

7.1  + 0.43 

6.9  + 0.46 

Each  group  consisted  of  5-10  animals.  Blood  ethanol  levels  in 
acutely  treated  animals  were  373  +8.9  mg/dl,  while  in  chronic 
intoxicated  animals  they  were  334  + 22.9  mg/dl. 
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ETHANOL-INDUCED  DEPLETION  OF  CEREBELLAR  GUANOSINE 
3’,5'-CYCLIC  MONOPHOSPHATE  LEVELS 

Principal  Investigators  J.  D.  Redos,  American  University ; G.  N.  Catravas  and 
W.  A.  Hunt,  AFRRI 

Kthanol  in  moderate  doses  induces  ataxia  in  man  and  lahoratory  animals. 
This  motor  deficit  may  be  cerebellar  and  may  involve  an  interruption  of  nor- 
mal excitatory  input  to  Purkinje  cells.  .\  cheniical  mediator  of  such  influence 
is  thought  to  be  3',5'-cyclic  guanosine  monophosphate.  The  ability  o1  (>thanol 
to  interact  with  cerebellar  cyclic  gmanosine  monophosphate  was  examined. 

Male  Sprague- Dawley  rats  were  intubated  with  a single  dose  of  ethanol  (l-ti 
g 'kg)  and  the  animals  euthanatized  at  different  times  thereafter.  The  cere- 
bellum was  obtained  and  analyzed  for  cyclic  guanosine  monophosphate  and 
cyclic  adenosine  monophosphat''  after  prior  purification.  Kthanol  induced  a 
dose-dependent  depletion  of  cyclic  guanosine  monophosphate  up  to  !)5  percent. 

A significant  reduction  was  observed  at  blood  ethanol  levc-ls  found  after  mod- 
erate drinking  (Table  16).  This  response  was  completely  reversible  with  eth- 
anol elimination  (Figure  22).  No  change  in  cyclic  adenosine  monophosphate 
was  observed.  The  data  suggest  that  cyclic  guanosine  monophosphate  depletion 
in  the  cerebellum  may  play  a role  in  the  intoxication  proiierties  of  ethanol.^ 
.Also,  this  response  may  ha\e  relevance  to  the  study  of  othem  motor  and  be- 
havioral deficits  such  as  cerebellar  disease  and  early  transient  ineapaeitat  ion. 

Table  16.  Cerebellar  (Vclic  Guanosine  Monopliosphate  (G.MP/  and  Cyclic 
Adenosine  Monophosphate  (A.Mlb  - Hours  .Mier  a Single  Dose  ol 
Kthanol.  Kach  value'  (mean  i standard  error)  was  obtained 
from  five  to  ten  animals. 


* ncnotf.s  st.'iti.sUc.'il  siunirirance  (j)^  .a.’,,  a-; 
ilelerniiiU’d  li\  SUideiit's  ust. 


Figure  22. 


Concentration  of  cyclic  guanosinc  monophosphate  (solid  line) 
in  the  cerebellum  as  a function  of  time  after  treatment  and 
the  concentration  of  ethanol  (dot  and  clashed  line)  in  the  blood. 
Each  value  represents  the  mean  t standard  error  and  was  ob- 
tained from  five  to  ten  animals.  The  asterisks  denote  statis- 
tical significance  ()3'^  .05)  as  determined  by  Student's  "t"  test. 
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NEUROBIOLOGY  DEPARTMENT 


The  Neurobiolo^y  i:)epartmenl  was  established  in  1973  to  provide  a research 
proiiTam  with  its  i)rimarv  activities  directed  at  an  understanding  of  the  basic 
mechanisms  of  the  effects  of  radiation  on  nervous  tissue. 

The  Cellular  Neurobiology  Uivision,  headed  by  l;r,  W.  G.  Shain,  Jr.  is 
composed  of  a laboratory  for  the  development  of  tissue  culture  of  continuous 
cells  lines  of  nerve,  glia  and  muscle.  These  laboratories  are  primarily  con- 
cerned with  an  understanding  of  the  normal  interaction  between  these  various 
constituents  of  the  central  nervous  system  and  target  organs,  as  well  as  the 
mechanisms  whereby  the  development  of  normal  connections  is  altered  by  a 
variety  of  injurious  agents,  including  ionizing  radiation.  This  laboratory  also 
utilizes  a number  of  purified  proteins  obtained  from  snake  toxins  as  marker 
substances  for  the  study  of  normal  receptors  for  neurotransmitters  and,  in 
the  case  of  8-bungarotoxin,  as  a probe  which  may  be  acting  at  calcium  binding 
sites  of  presynaptic  nerve  terminals. 

The  Neurophysics  Division,  headed  by  Dr.  M.  L.  Wiederhold,  contains 
laboratories  involved  in  the  study  of  basic  properties  of  neiwe  cells  in  ele- 
mentary nervous  systems  as  well  as  a laboratory  for  the  study  of  the  auditory 
system  of  mammals.  The  primary  research  projects  utilizing  simpler  nerv- 
ous systems  aim  at  an  understanding  of  the  metabolic  projxjrties  determining 
nerve  cell  excitability,  and  an  understanding  of  the  mechanisms  of  interaction 
between  nerve  cells  and  from  nerve  to  peripheral  target  cells.  A considerable 
number  of  the  research  projects  of  the  department  involve  people  collaborating 
between  the  Cellular  Neurobiology  and  the  Neurophysics  Divisions.  This  is 
particularly  time  for  two  areas  of  research  that  are  of  critical  interest  to  tlie 
Defense  Nuclear  Agency.  7'he  first  of  these  is  the  problem  of  the  organization 
of  receptors  for  neurotransmitter  substances  and  in  particular  those  receptors 
for  histamine  on  nerve  cells  and  on  smooth  muscle.  Histamine  is  released  by 
radiation  from  mast  cell  stores  throughout  the  body  and  is  probalily  the  humoral 
agent  involved  in  causing  early  transient  incapacitation,  a phenomenon  involving 
a performance  decrement  of  trained  animals  tor  a short  period  of  time  begin- 
ning some  ')  min  postirradiation.  Treatment  and  prevention  of  such  incapacita- 
tion necessitates  a knowledge  of  the  receptors  for  histamme  and  investigation 
into  agents  which  could  prevent  this  eflect  by  blocking  the  receptors.  \Vc  are 
studying  the  receptors  for  histamine  in  two  different  preparations.  The  first 
is  the-  marine  mollusc  A plysia  where  histamine  appears  to  be  used  as  a neuro- 
tnr.ismittci-  witliin  the  neiwous  system.  We  have  found  at  least  two  pharmaco- 
logic types  of  histamine  I’ei'cptors  and  at  least  three  different  ionic  responses 
on  different  neurons.  In  addition,  human  smooth  muscle  cells  have  been  cul- 
tured and  are  fieing  investigated  electrophysiologicmlly.  These  smooth  muscle 
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cells  have  receptors  lor  histamine.  Because  smooth  muscle  in  blood  vessel 
walls  is  exceptionally  difficult  to  record  from  clec  trophysiolo^ically,  the  use 
of  a tissue  culture  system  to  study  these  receptors  and  their  pharmaeolot;ieal 
sensitivities  is  the  most  direct  means  of  understimdin};  how  radiation-induced 
histamine  release  might  cause  a performance  dec  rement  in  intact  animals. 

The  latter  is  presumably  secondary  to  a fall  in  cerebral  blood  flow  resulting 
from  interaction  of  histamine  with  these  receptors  on  the  smooth  muscde  cells 
in  cerebral  blood  vessels. 

A second  research  area  involving  a number  of  people  in  both  of  these 
divisions  is  the  study  of  how  cell  properties  are  conti’olled  by  calcium  concen- 
trations, and  particularly  by  the  intracellular  conc  entration  of  free  calcium. 
This  problem  appears  to  be  central  in  an  understanding  of  the  primary  effects 
of  radiation  on  neurons.  When  isolated  Aplysia  neurons  are  exposed  to  20 
MeV  electrons,  they  show  an  initial  excitation  by  the  radiation  l)ut  no  direct 
effects  with  the  time  course  of  early  transient  incapacitation.  However  at 
about  8 to  12  hours  postirradiation,  at  a very  high  dose  level,  these  neurons 
show  signs  of  an  increase  in  intracellular  calcium  concentration.  This  pro- 
ceeds to  a total  loss  of  membrane  resistance  and  finally  membrane  potential, 
suggesting  that  the  primary  effect  of  the  radiation  has  been  to  interfere  with 
the  regulatory  mechanisms  of  calcium  concentration  control.  Because  of 
these  facts  we  are  actively  engaged  in  the  study  of  those  mechanisms  which 
control  calcium  concentration  at  the  level  of  the  plasma  membrane  as  well 
as  the  level  of  intracellular  storage  sites.  The  development  of  /S-bungarotoxin 
as  a tool  to  block  the  calcium  entry  site  at  the  plasma  membrane  has  aided 
enormously  in  achieving  this  goal. 

The  Neurological  Sciences  Division  is  directed  by  Major  E.  N.  Gunby. 

'J'hc  research  in  this  division  primarily  utilizes  primates  and  is  directed 
principally  at  an  understanding  of  mechanisms  of  injury  to  the  nervous  sys- 
tem. The  professional  staff  consists  of  clinical  neurologists  and  neurosur- 
geons, and  the  research  projects  are  ones  which  have  direct  relevance  to 
treatment  of  human  injury  and  disease  stales.  One  of  the  laboratories  in  this 
division  is  headed  by  Colonel  A.  N.  Martins,  Chairman  of  the  Neurosurgery 
Department,  Walter  Reed  Army  Medical  Center.  Dr.  Martins'  research  intei'- 
ests  include  the  study  and  manipulation  of  cerebral  and  spinal  blood  flow,  the 
study  of  cerebral  spinal  fluid  production  and  mechanisms  underlying  local  brain 
injury  tmd  development  of  cerebral  edema.  Some  of  the  research  projects  in 
this  laboratory  attempt  to  test  experimentally  the  value  of  diugs  which  might 
liave  clinical  use.  Anotlier  major  research  project  in  this  division  is  the 
study  of  e.xperimental  head  injury  in  a primate  model,  and  this  researcli  pro- 
gram is  a joint  one  lietween  AFRRI  staff  and  the  National  Institute  of  Neuro- 
logical and  Communicative  Disorder.s  and  Stroke  ;md  the  Department  of 
T ransportation. 
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A portion  of  the  research  conducted  during  this  reporting  period  by  the 
former  Neurochemistry  Division,  headed  by  Dr.  G.  N.  Catravas,  is  reported 
in  this  section.  This  division's  laboratories  utilized  techniques  for  the  chemi- 
cal measurement  of  neurotransmitters,  their  synthetic  and  degradative  enzymes 
and  other  organic  substances  in  the  brain  upon  exposure  to  a variety  of  insults, 
including  ionizing  radiation,  microwave  irradiation,  alcohol  and  opiate 
dependence. 

The  Neurobiology  Department  sponsors  a number  of  activities  aimed  at 
assisting  the  training  and  scientific  growth  of  its  members.  These  include  a 
weekly  seminar,  a weekly  informal  research  discussion  group,  a weekly  jour- 
nal club  and  evening  graduate  seminar  courses.  Some  of  these  activities  are 
held  in  conjunction  with  the  Department  of  Physiology  at  the  George  Washing- 
ton University  School  of  Medicine,  with  which  the  Neurobiology  Department 
has  close  ties.  During  this  period  we  have  had  four  graduate  students  at 
AFRRI  doing  work  which  will  lead  to  degrees  from  George  Washington  Uni- 
versity. In  addition  we  have  had  seven  professionals  working  at  AFRRI  on 
NTH  Postdoctoral  Fellowships  sponsored  officially  through  George  Washing- 
ton University. 
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FUNCTIONAL  DISTRIBUTION  OF  SYMPATHETIC  NERVES 
IN  THE  CYNOMOLGUS  MONKEY 

Piincipdl  Investigators  W.  A.  Alter  III,  D.  E.  Evans  and  L.  J.  Parkhurst 

Fatalities  following  head  injury  in  military  personnel  may  be  related  to 
trauma-induced  cardiac  arrhylbniias.  This  study  was  begun  to  determine  the 
peripheral  autonomic  nerves  which  may  be  involved  in  these  tirrhyl hmias. 

Prior  to  investigating  arrhyihmias,  the  normal  function  of  thest>  nerves  must 
be  established.  The  rhesus  monkey  could  be  :t  suitable  animal  model  for  this 
study,  but  due  to  their  shortage,  an  alternative  speeies,  the  eynomolgus  7non- 
key,  was  chosen. 

Ten  eynomolgus  monkeys  were  anesthetized  and  prepared  for  recording 
arterial  blood  pressure,  heart  rate,  right  atrial  force  and  right  ventricular 
force.  The  stellate  ganglia,  middle  cervical  ganglia  and  thoracic  vagi  were 
exposed  and  all  discernible  branches  stimulated.  The  largeust  cardiac  sym- 
pathetic trunk  on  the  right  side  was  the  middle  cervical  cardiac  nerve,  stimu- 
lation of  which  resulted  in  a significant  increase  in  all  recorded  paranu'ters. 
Right  stellate  nerves  passing  directly  to  the  heart  were  not  observed  in  e\no- 
molgus  monkeys,  but  small  stellate  branches  coursing  into  the  vagus  were 
consistently  found  and  stimulation  of  these  branches  usually  resulted  in  a sig- 
nificant increase  in  all  recorded  parameters.  Sympathetic  fibers  also  enlc-red 
the  vagus  at  the  level  of  the  right  middle  cervical  ganglion  and  then  emergcfi 
in  the  craniovagal  and  caudovagal  cardiac  nerves.  After  administration  of 
atropine,  stimulation  of  these  cardiac  vagal  nervt's  resulted  in  signifieani  pos- 
itive' chronotropic  and  inotropic  responses  without  any  signifieani  i-hanges  in 
arterial  blood  pressure.  The  right  phrenic  nerve  was  also  found  to  have  sig- 
nificant effects  on  heart  rate  and  right  cardiac  function.  The  major  pathway 
on  the  left  side  affecting  rate  and  force  was  the  ventromedial  cardiac  nerve 
which  originates  in  the  middle  cervical  ganglion.  These  results  indicate  that 
the  eynomolgus  monkey  is  a suitable  alternative  to  the  rhi'sus  monkey  for  stud- 
ies of  neural  control  of  the  heart. 
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EFFECT  OF  CORONARY  ARTERY  OCCLUSION  ON  REGIONAL  MYOCARDIAL 
BLOOD  FLOW  AND  CARDIAC  FUNCTION 

fnncpdl  l,west,qators  W.  A.  Alter  III.  D.  E.  E.arts.  L J.  Parkhurst  and  T.  F.  Doyle 

Chest  impact  frequently  results  in  trauma  to  the  heart.  This  trauma 
can  lead  to  irreversible  cardiac  dysfunction.  This  study  was  undeiCike 
investigate  the  alterations  in  cardiac  function  which  occur  after  production 
of  focal  areas  of  myocardial  ischemia  in  an  animal  model.  Ischemia  . 
tLccl  by  temporary  interruption  of  blood  flow  to  discrete  areas  of  myo- 
cardium.Myocardial  blood  flow  (by  the  hydrogen  polarographic  teehmque), 
contractile  force  and  electrical  activity  were  detected  from  both  the  base 
and  apex  of  the  anterior  wall  of  the  left  ventricle.  ^fWelve  minutes  of  dista 
left  anterior  descending  coronary  artery  occlusion  resulted  in  signified 
in  nplcal  niyocardial  blo<xi  flow  ,<-ontrol.  lid  d 8 ^ 

of  tissue;  occlusion,  12  i 31  ml/inln/uio  S)  and  ® “'7  J;  “ 

oercent  below  preocclusion  lalucl.  The  llBurc  shows  Hint  distal  left  antenm 
rsccndlns  coronary  artery  occlusion  resulUid  In  a n,„rl;ed 
tractile  force  and  myocardial  flow  in  the  ischemic  area  (apex)  ulule  CeUdiac 
function  and  blood  flow  in  the  nonischemic  area  (liase)  were  not  affect 
ngure  23).  Additionally,  local  subepic.ardial  electrograms  were  maikcdls 
Abnormal  in  the  ischemic  region.  In  contrast,  none  of  these  parametei^ 
ivere  altered  at  the  base  of  the  anterior  wall  of  ihc  left  venlriclo 
outside  the  region  of  occlusion.  Removal  of  the 

marked  reactive  hvperemic  response  lOO  i l(,  percent  at  the  ajM^x  of  tlie  ante 
rior  wall  of  the  left  ventricle.  In  most  cases,  contractile  force  recoverec 

contractile  force.  In  all  cases,  electrical  activity  retuimed  to 

Sion  waveform  within  .'i  min  after  the  removal  of  the  occlusion  cl  p.  N 

change  in  heaiT  rate  or  blood  pressure  or  the  Lcad-ll  KCt. 

duriiv  or  after  occlusion.  Based  on  these  results,  it  was  concludtd  .it 

the  mechanical  and  electrical  changes  which  occurred  durum'  ^ 

transient  distal  coronary  artery  occlusion  arc  local  respon.scs 

from  inadequate  blood  flow  to  the  ischemic  region. 

This  studv  has  demonsti’ated  that  brief  interniptions  of  myocardial 
blood  flow  lead  to  local  reversible  changes  in  ••ardiac  hinction.  Ihesc 
results  in  c<,n')unction  with  existing  data  provide  a lictler  imdci  sLindu  „ < 

;,K  lum  tion  ol  ischemic.  hcaiT  muscle  and  shoul.l  lead  to  better  treatment 

of  military  personnel. 
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Figure  23.  The  effect  of  left  anterior  descending  coronary  artery  (LAD) 
occlusion  on  myocardial  blood  flow  and  cardiac  function. 

Both  contractile  force  and  blood  flow  at  the  apex  were  sig- 
nificantly affected.  Contractile  force  and  myocardial  blood 
flow  were  not  affected  at  the  base  of  the  left  ventricle  which 
was  outside  the  ischemic  area.  B.  P.  - arterial  blood  pres- 
sure, H.  R.  - heart  rate,  and  MBF  - mean  myocardial  blood 
flow  for  two  electrodes  located  in  each  region. 
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EFFECT  OF  OUABAIN  AND  ITS  INTERACTION  WITH  DIPHENYLHYDANTOIN 
ON  CARDIAC  ARRHYTHMIAS  INDUCED  BY  HYPOTHALAMIC  STIMULATION 

Principal  Invcsticiators  D.  E.  Evans,  AFRRI; and  ft.  A.  GWis,  Georgetown 
University  Schools  of  Medicine  and  Dentistry 

Cardiac'  arrlivllimias  resiiltint;'  from  myocardial  infarction  and  head 
injury  result  in  the  loss  of  a sicniificant  number  of  military  jiersonnel.  Aij- 
propriate  and  timely  pharmacolo;aical  treatment  c an  restore  normal,  cardiac 
rhytlmc  and  f^reatly  enhance  the  chance  for  recemery  of  victims.  The  dru^s 
currently  used  as  antiarrhythmics  have  been  shown  to  also  affect  the  central 
nervous  system's  mcxlulation  of  cardiac  function. 

This  study  was  undertalccn  to  nwestigate  the  jxissible  central  neiwous 
system  effects  of  the  antiarrhythmic  dinj^s  diplienylhydantoin  and  ouafuiin  in 
an  animal  mcxlcl  (cat).^  Electrical  stimulation  of  the  posterior  portion  of  the 
c hypothalamus  resulted  in  alterations  of  cardiac  rh\llim,  end  recordings  from 

cai'diac  bound  sympathetic  nemes  revealed  continuous  activity’  durin}?  the  time 
of  arrhythmia.  Intravenous  administration  of  small  doses  of  ouabain  (i.e. , 
10-30  prevented  botli  tlie  arrhytlimias  :uid  the  associated  liyix;ractivit\' 

on  the  sympatlietic  neiwes.  T'he  antiarrhythmic  effect  was  not  present  in  ani- 
mals with  denervated  baroreceplors  indicating;’  that  tlic  ouabain  effects  wei’e 
due  to  sensitization  of  baroreceptor  reflexes.  Intravenous  administi’ation  of 
large  but  subarrhjdhmic  doses  o.'  ouabain  (i.e. , (;o-80  ^g/kg)  converted  a 
subarrhythmogenic  hyi’Kithalamic  electrical  stimulus  to  a threshold  stimulus 
for  arrhythmias.  The  increased  i'es|X'nse  of  the  lieart  to  l)rain  stimulation 
in  the  presence  of  these  doses  of  ouabain  was  associated  with  an  inc leased 
discharge  of  cardiac  sympathetic  nerves,  indicating  that  ouabain  was  exert- 
ing its  arrhytlimogenic  enhancing  effect  on  the  central  nervous  system  ratlicr 
than  on  the  heart.  Pietreatment  witli  diplien\  lhydantoin  prevented  the  arrhyth- 
mias prcxluced  by  the  combination  of  ouabain  and  lii'pothalamic  stimulation. 
1^’evention  of  the  arrhythmia  was  associated  with  prevention  of  the  associated 
sympathetic  h\peractivity  resjxmsible  for  tlie  arrhythmia,  thus  indicating  a 
central  nervous  system  site  of  action  of  diphcnylhvdmitoin.  T'hese  data  sug- 
gest that  central  nervous  effects  of  ouabain  and  diphenvlliydantoin  arc  impor- 
timt  in  the  ability'  of  tliese  drugs  to  alter  cardiac  rhythm. 

An  understanding  of  the  central  nervous  system's  <’ontrol  of  cardiac  func- 
tion will  not  only  provide  a basis  for  rational  prei  cntion  of  ncurallv  induced 
arrhythmias  following  sucli  events  as  liead  injurv  Init  may  also  provide  impor- 
tant perspectives  in  management  of  the  patient  with  arrhvlhmias  or  inlar<  tii'ii. 
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PHYSIOLOGIC  CONTROL  OF  SPINAL  CORD  BLOOD  FLOW 

Princi|)iil  Invnsliyritors  A.  I.  Kobrine  and  T.  F . Doyle 

Spinal  cord  injury  is  a major  source  of  human  disahilitv  for  the  Dejiart- 
ment  of  Defense  and  the  \ eterans  Administration.  In  order  to  understand  the 
mechanism  of  spinal  injury  we  have  in\eslisated  the  effect  on  blood  flow  of 
local  spinal  trauma. 

The  hydrogen  clearance  technique  was  used  to  measure  spinal  cord  blood 
flow  in  the  rhesus  monkey  to  test  the  hypothesis  of  autorcgulal ion  in  the  spinal 
cord.^  Laminectomies  were  performed  at  the  Ttl-TlO  le\el,  and  2,‘)0-am  di- 
ameter platinum  electrodes  were  placed  through  the  intact  dura,  2 mm  into  tiu 
spinal  cord,  midway  between  the  midline  and  lateral  borders,  flows  rc  cal 
culated  from  the  desaturation  curves  of  inhaled  hydrogen.  When  the  nu  an  arte 
rial  pressure  was  kept  normal  and  the  l’at'09  was  \ arif'd  by  hyp('r\ ent  ilat  ion 
or  changes  in  inspired  CO2.  spinal  cord  blood  flow  remained  normal  with 
PaC02  values  of  10-50  mm  Hg.  Spinal  cord  blood  flow  incrcasc'd  as  Pafn.? 
was  raised  from  50  to  90  mm  lig.  Abo\e  a Pat'O,,  of  90  mm  Ilg,  spinal  cord 
blood  flow  did  not  increase  (figure  24).  VVdicn  Pa('Or>  was  k'cpi  constant  and 
mean  arterial  pressure  was  varied  by  norepinephrine  infusion  or  bleeding, 
spinal  cord  blood  flow  was  constant  and  in  the  normal  range  when  the  nuain 
arterial  pressure  was  between  50  and  195  mm  Ilg.  .\bove  195  mm  Ilg  mean 
arterial  pressure,  the  spinal  cord  blood  flow  increttsed  directly  with  mean 
arterial  pressure.  Below  50  mm  Ilg,  sjiinal  cord  blood  flow  dccreasi  tl  di- 
rectly with  mean  arterial  pressure  (Figure  25). 
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One  can  hypothesize  that  the  mechanisms  responsible  for  autoreg\ilat ion 
in  the  brain  and  spinal  cord  are  quite  similar,  if  not  identical,  since  the  his- 
tology and  embryologieal  derivation  of  both  are  the  same.  The  above  model 
would  seem  therefore  to  bo  suited  for  the  continuing  study  of  the  mechanisms 
responsible  for  autoregulation  in  the  ncr\ous  system. 

As  can  be  seen  from  Figure  25,  at  a mean  arterial  pressure  greater  than 
135  mm  Ilg  there  is  a brealrthrough  of  autorcgulation,  with  further  increases 
in  mean  arterial  pressure  effecting  a corresponding  increase  in  spinal  cord 
blood  flow.  At  these  levels  of  mean  arterial  pressure  the  vessels  are  maxi- 
mally constricted,  vascular  resistance  is  maximal,  and  spinal  cord  blood 
flow  becomes  passively  related  to  moan  arterial  pressure.  Likewise,  at  mean 
arterial  pressure  levels  loss  than  50  mm  Ilg,  the  vessels  arc  maximally  di- 
lated, vascular  resistance  is  minimal,  and  again  spinal  cord  blood  flow  is  pas- 
sively controlled  by  mean  arterial  pressure.  Similarly,  Strandgaard  demon- 
strated intact  autorcgulatory  mechanisms  in  the  brain  of  baboons  up  to  a mean 

arterial  pressure  of  120-140  mm  Ilg,  above  which  cf'ia-bral  blood  flow  in- 

»■) 

creased  directly  with  further  incrc'asc's  in  mean  artc'rial  pressure. “ 

Other  investigators  have  addressed  themselves  to  the  quc'stion  of  auto- 
regulation in  the  spinal  cord.  Using  such  methods  as  tlu'  particle  distribution 
technique,  surfaca'  flow  measuring  devices,  and  the  intraparenchymal  in- 
jection of  tracer  substances,  they  have  generally  agreca!  that  autorcgulation 
exists  in  the  spinal  cord  aru!  is  not  unlike  that  described  for  the  brain.  An 
understanding  of  the  basic  mc'chanisms  controlling  spinal  cord  blood  flow  is 
necessary  to  provide  a rational  apiiroach  to  therapy  in  human  injury,  and 
these'  studies  assist  in  achieving  such  knowU'dge. 
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HYPEREMIA  AND  EDEMA  IN  THE  MONKEY  SPINAL  CORD  FOLLOWING 
INJURY:  MODIFIED  BY  HISTAMINE  ANTAGONISTS 

Princifial  Invnstiydiofs  T.  F.  Doyle,  A.  I.  Kobrine  and  A.  N.  Martins 

The  mechanisms  of  the  development  of  acute  changes  which  occur  in  the 
early  posttraumatic  period  of  spinal  cord  injury  are  not  fully  understocjd. 

After  contusion  of  the  spinal  cord,  blood  flow  markedly  decreases  in  the  cen- 
tral gray  region  and  increases  in  the  lateral,  white  region.  IMicroangio- 
graphic  studies  show  that  the  capillaries  in  the  central  region  become  pro- 
gressively occluded  over  the  first  4 hours;  however,  the  capillaries  of  the 
peripheral  white  matter  remain  patent  and  functional.  The  hemorrhaged 
and  disrupted  central  gray  tissue  shows  extensive  leakage  while  the  vessels 
of  the  peripheral  white  matter  still  permit  blood  flow,  although  edema  soon 
develops.  Histamine  levels  in  the  cord  increase  significantly  after  trauma. 

It  is  reasonable  to  suspect,  therefore,  that  histamine  might  be  involved  in 
posttraumatic  hyperemia  and  edema  in  the  spinal  cord.  To  test  this  possi- 
bility after  experimentally  induced  myelopathy,  changes  in  the  spinal  cord 
blood  flow  and  edema  formation  were  measured  after  the  administration  of 
and  H2  histamine  antagonists.^ 

Using  the  hydrogen  washout  technique,  blood  flow  in  the  lateral  funiculus 
of  the  spinal  cord  of  rhesus  monlvcys  was  measured  before  and  after  a con- 
tusion sufficient  to  render  the  animals  paraplegic.  In  untreated  animals  the 
blood  flow  increased  1 hour  after  injury  to  almost  twice  the  normal  flow  rate 
(17.0  to  31.8  ml/min/lOO  g).  When  the  animals  were  pi'etreated  with  hista- 
mine antagonists  (chlorpheniramine,  an  antagonist,  and  metiamide,  an 
II2  antagonist)  there  was  no  significant  increase  in  blood  flow  following  con- 
tusion (Figure  20).  Antihistamines,  however,  were  ineffective  in  preventing 
edema. 

IMetiamide  when  given  alone  or  in  combination  with  chlorpheniramine 
alone  does  not  block  the  hyperemia  completely.  Since  hyjx;remia  is  a function 
of  decreased  vascular  resistance,  it  is  apparent  in  this  instance  that  the  vaso- 
dilatation responsilile  for  the  hyperemia  is  blocked  bj’  metiamide.  This  find- 
ing is  in  agreement  with  a recent  study  in  cats  which  showed  that  blood  vessels 
responsil)le  for  the  general  blood  pressure  have  predomimmtly  or  exclusively 
II2  receptors  wliich  mcxlulate  vessel  tone.  This  study  may  be  of  value  in  treat- 
ing or  Ijcttei'  understanding  spinal  cord  injury  suffered  by  military  [iersonnel 
both  in  peacetime  and  comljat. 
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Figure'  2().  Si)inal  cord  lilood  flow  (wliitc  matter)  as  modified  by 
ant  ihistamiiies 
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FURTHER  STUDIES  IN  SPINAL  CORD  AUTOREGULATION 

f’niKH'.il  lnvi'Sti'|,i'.)rs  A I.  Kohrine,  T.  F.  Doyle  and  N Newby 

Spmal  eeird  injury  is  a major  cause  eif  heispitalization,  and  esjK'eially 
e'hreenie'  hospitalization.  This  study  is  part  of  a continuing  search  to  under- 
stanei  (he  basic  mechanisms  invoJveel  in  spinal  injury.^  Fsiiig  the  Ineireigen 


clearance  method  to  measure  focal  spinal  cord  blood  flow  in  tlie  rhesus  mon- 
key (Macaca  mulatfau,  the  effect  of  hi};h  cervical  cord  section  on  the  phenom- 
enon of  autoregulation  was  studied.  l.aminectomies  were  iierformed  at  the 
T7-T11  as  well  as  the  C1-C2  levels.  The  spinal  cord  was  completely  sev- 
ered at  CI-C2.  Under  normocapnic  conditions,  spinal  cord  blood  flow  was 
then  measured  in  the  thoracic  sjnnal  cord  over  a wide  range  of  mean  arterial 
blood  pressures.  The  mean  arterial  blood  pressure  was  either  lowered  by 
bleeding  or  raised  by  the  intravenous  infusion  of  norepinephrine.  Autoregu- 
lation was  found  to  be  intact  between  oO  and  125  mm  Ilg,  following  a pattern 
similar  to  the  one  observed  in  the  intact  animal  (Figure  27). 


Figure  27.  A best  fitting  line  through  the  nn-ans  (±  S.  I). ) of  spinal  cord 
blood  flow  as  the  flow  varied  with  changes  in  mean  arterial 
blood  pressure.  'I'he  l(>fl  ordinate  is  in  units  of  bloorl  flow 
(ml  min  '100  g).  The  right  ortlinate  is  in  units  of  vascular 

resistance  i ).  Spinal  cord  severed  at  ('l-(’2. 

ml  'min  TOO  g 


SUidies  involving  cerebral  autoregvilation  lia\c  suggested  that  the  sympa- 
thetic nervous  system  may  play  an  imijortant  role,  and  anat<'mic  studies  have 
tlemonstrated  adrenergic  nerve  emlings  in  the  walls  o|  blood  vesseds  at  tlu' 
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base  of  the  Ijrain.  Physiologic  studies  have  also  tended  to  implicate  the  sym- 
pathetic nervous  system  in  control  of  the  cerebral  circulation.  A dual  mech- 
anism has  been  suggested,  involving  the  sympathetic  nervous  system  in  con- 
trol of  the  extraparenchj'mal  vessels  and  local  tissue  pH  changes  in  control 
of  the  small  intraparenchyma  1 vessels.  The  role  of  the  sympathetic  nervous 
system  in  control  of  spinal  cord  circulation,  however,  remains  moot.  The 
data  from  this  experiment  tend  to  negate  a major  role  of  the  sympathetic 
nervous  system  in  the  mechanism  of  autoregu lation  in  the  spinal  cord  because, 
in  this  preparation,  autoregulation  has  remained  intact  after  the  spinal  cord 
lias  been  removed  from  the  cerebral  control  of  the  sympathetic  nervous  sys- 
tem. These  findings  were  essentially  unchanged  from  observations  of  similar 
phenomena  in  intact  animals  and  therefore  provide  evidence  against  the  im- 
portance of  either  the  sympathetic  ner\  ous  system  or  its  cerebral  control  in 
these  situations.  This  observation  is  of  importance  in  the  clinical  treatment 
of  spinal  injury  and  also  increases  our  basic  understanding  of  how  the  nervous 
system  regulates  blood  flow. 
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VENTRICULOCISTERNAL  PERFUSION  STUDIES  IN  THE  MONKEY. 

PCO2  AND  THE  RATE  OF  FORMATION  OF  CEREBROSPINAL  FLUID 

Principal  Investigators  A.  N.  Martins,  T.  F.  Doyle  and  N.  Newby 

The  rate  of  formation  of  cerebrospinal  fluid  in  the  subprimate  mammal 
decreases  during  hypocapnia.  However,  the  effect  of  hypercapnia  on  cerebro- 
spinal fluid  formation  rate  (Vf)  remains  controversial.  By  direct  observation 
of  the  exposed  choroid  plexus  of  t ie  cat,  it  was  found  that  hypercapnia  in- 
creased Vf  above  normal.  On  the  contrary,  studies  using  the  ventriculocis- 
ternal  [)crfiision  technique  to  measttre  Vf  in  the  cat,  dog,  and  rabbit  have 
failed  to  associate  hypercapnia  with  an  increase  in  Vf. 
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In  view  of  these  conflicting  data  and  the  lack  of  information  concei  ning 
the  effect  of  PCO2  on  Vf  in  the  primate,  we  have  reexamined  the  question  in 
the  rhesus  monkey.  Our  results  suggest  that  marked  alterations  in  1’C'02, 
sufficient  to  produce  large  documented  changes  in  cerel)ral  blood  flow,  have 
little  effect  on  Vf  in  the  monkey.^ 


Changes  in  cerebrospinal  fluid  formation  rate  with  hypocapnia  and  hy  per- 
capnia were  measured  by  the  ventriculocdsternal  ]x*rfusion  tct  hnique  in  21 
rhesus  monkeys  anesthetized  with  nitrous  oxide.  In  addition,  cerebral  blood 
flow  was  measured  by  the  hydrogen  clearance  method.  \’|  in  control  animals 
declined  at  2.3  /il/min  each  hour  during  the  last  1-  1/2  hours  of  a 7-hour  jx?r- 
fusion  although  parameters  known  to  affec  t Vf  remained  stable.  Three  hours 
after  perfusion  began,  Vf  of  normocapnic  conti’ols  was  11.  1 /xl^min  t 3.  1 and 
cerebi’ospinal  fluid  was  59  ml/ 100  g per  min.  When  PCO2  was  reduced  to 
half  of  control,  Vf  fell  to  35.0  fil/min  i 0.3  and  cerebrospinal  fluid  fell  bv 
27  percent.  When  PCO2  was  doubled,  Vf  fell  to  33. 1 /iKnun  t 5.3  and  cere- 
brospinal fluid  increased  threefold.  The  difference  in  Vf  is  significant  onh 
for  the  hypercapnic  group  (p  = 0.01).  When  animals  were  used  as  their  own 
controls,  there  were  no  significant  differences  in  Vf  with  hypocapnia  compared 
to  normocapnia.  These  results  indicate  that  in  the  monlcey,  variations  of 
PCO2  within  broad  physiologic  limits  which  are  sufficient  to  cause  large 
changes  in  cerebral  blood  flow  (Figure  28)  have  little  effect  on  Vf.  This  ob- 
servation is  of  clinical  importance  in  all  respiratory  disease  states  charac- 
terized by  an  elevated  PCO2,  and  also  is  of  very  practical  significance  to 
surgeons  and  anesthesiologists  who  often  wish  to  \ ary  PCfk,  at  surgeiw. 
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Figure  2s. 

Cerebral  blood  flow  (CBF)  response  to  step 
increases  or  decreases  in  PCO2  in  llie  ex- 
perimental group  of  monkey  s.  Left;  Pt'()2 
started  low  and  was  increased  stepwise 
twice.  Highl;  PCO9  started  liigli  and  was 
decreased  stepwise  twice. 
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VENTRICULOCISTERNAL  PERFUSION  STUDIES  IN  THE  MONKEY. 

SOURCES  OF  ERROR  IN  MEASURING  CEREBROSPINAL  FLUID 
FORMATION 

Principal  Investigators  A.  N.  Martins,  N.  Newby  and  T.  F.  Doyle 

\'entriculocisternal  perfusion  is  regarded  as  a precise  method  of  meas- 
uring the  rate  of  formation  of  cerebrospinal  fluid  but  it  possesses  inherent 
potential  sources  of  error  not  commonly  appreciated.  Using  the  technique  to 
measure  cerebrospinal  fluid  formation  rate  in  the  rhesus  monkey,  we  have 
observed  rate  changes  when  none  were  expected.^  Most  puzzling  has  been  the 
steady  decline  of  cerebrospinal  fluid  formation  rate  at  4 percent  each  hour 
during  the  final  5 hours  of  a 7-hour  perfusion  although  variables  knowTi  to  af- 
fect cerebrospinal  fluid  formation  remained  stable  (Figure  29).  In  addition, 
artifactitious  alterations  in  rate  were  observed  in  experiments  in  which  cra- 
niospinal blood  volume  was  changed  by  sudden  changes  of  either  PC’02  or  cen- 
tral venous  pressure.  Mobilization  or  sequestration  of  ineompU'tely  equili- 
brated cerebrospinal  fluid  is  believed  responsible.  In  other  experiments,  a 
small  increase  of  intracranial  pressure  produced  by  increasing  outflow  re- 
sistance was  quickly  followed  by  an  apparent  reduction  of  cerebrospinal  fluid 
formation.  Here  we  speculate  that  when  intracranial  j)ressurc‘  is  increased 
above  normal,  some  newly  formed  cerebrospinal  fluid  may  be  di\i>rted  to 
drainage  channels  before  it  can  mix  with  perfusion  fluid.  We  have  concluded 
that  to  assess  accurately  the  effect  of  a variable  on  the  rate  of  cerebrospinal 
fluid  formation,  one  must  control  perfusion  time  and  craniospinal  blood  vol- 
ume as  well  as  intracranial  pressure.  Knowledge  of  th(<  normal  rate  of  forma- 
tion of  cerebrospinal  fluid  is  necessary  before  this  model  can  be  used  to  study 
relation  of  cerebrospinal  fluid  d\Tiamies  to  central  ner\ous  system  trauma  and 
disease. 
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Figure  29.  Linear  regression  analysis  (least  squares  method)  of  mean 
CSF  formation  rate  (Vf)  plotted  against  duration  of  perfu- 
sion. Y = -1 . Tlx  + 39.  2,  in  which  x = time  in  hours  with 
the  end  of  2.5  hours  of  perfusion  taken  as  zero.  Slope  sig- 
nificantly different  from  zero  (p<  .001). 

In  summary,  cerebrospinal  fluid  formation  rate  in  the  monkey,  as  meas- 
ured by  prolonged  ventriculocisternal  perfusion,  declines  spontaneously  with 
time  for  reasons  that  remain  obscure.  By  mobilizing  unequilibrated  pools  of 
cerebrospinal  fluid,  sudden  changes  of  craniospinal  blood  volume  can  lead  to 
artifactitious  changes  in  cerebrospinal  fluid  formation  rate;  and  there  is  rea- 
son to  believe  that  part  of  the  alteration  in  rate  observed  after  intracranial 
pressure  is  increased  or  decreased  may  also  be  an  artifact  of  the  method. 
7'hcse  sources  of  error  must  be  avoided  or  controlled  if  one  is  to  assume  cor- 
rectly that  a variable  under  study  is  responsible  for  an  observc'd  alteration  in 
cerebrospinal  fluid  formation  rate. 

Hydrocephalus  is  often  associated  with  head  injuries  whieh  are  trt-ated 
in  military  hospitals.  A more  preeise  method  of  measuring  cerebrospinal 
fluid  formation  would  be  of  value  in  treating  or  understanding  this  eommonlv 
occurring  injury. 
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A SELECTIVELY  PERMEABLE  MEMBRANE  FOR  TYMPANIC 
VENTILATION  TUBES 


I’nru  ipcil  Invi.'Stlijciturs  J.  B.  Castelli,  J.  P.  Murray  and  H.  O.  dePries 

Wo  have  o\aluated  tho  design  and  clinical  application  of  a selectively  per- 
meable membrane  for  use  in  the  lumen  of  tympanic  ventilation  tubes.  Tho 
membrane  is  composed  of  polytctrafluoroethylcne  which  is  impermeable  to 
fluid,  acts  as  a bacterial  filter,  and  allows  middle  ear  ventilation  under  clin- 
ical conditions.  An  experimental  cat  model  of  middle  ear  effusion  was  obtained 
by  eustachian  tube  ligation.  Tympanometry  and  otomicroscopic  inspection  in 
14  animals  for  up  to  6 months  revealed  satisfactory  middle  ear  ventilation  (Fig- 
ure .10).  No  recurrent  middle  ear  effusion  developed  nor  was  purulent  otitis 
media  noted  after  controlled  instillation  of  contaminated  water  into  the  e.xter- 
nal  canal.  An  air  and  water  tight  tympanic  membrane  seal  was  demonstrated 
around  the  outside  diameter  of  the  tympanic  ventilation  tube.  The  membrane 
tympanic  ventilation  tube  is  proposed  for  clinical  use,  and  clinical  trials  are 
under  consideration.  Besides  their  frequent  use  in  pediatric  otologv',  tympanic 
ventilation  tubes  are  of  use  in  relieving  middle  ear  effusion  caused  by  baro- 
trauma. 'The  selectively  permeable  membrane  tube  has  thf?  advantage  that  it 
can  be  used  I'.nder  water  and  prevents  entry  of  water  and  bacteria  into  the  mid- 
dle ear.  This  may  be  of  use  to  military  personnel  subject  to  middle  ear  effu- 
sion after  diving  or  rapid  changes  in  altitude  while  flying. 


Figure  .10.  Results  of  tympanometry  on  ears  whose  eustachian  tubes  have 
been  ligated.  In  the  control  ears  (dotted  line)  with  eustachian 
tube  ligated  but  no  ventilation  tube  installed,  there  is  very 
little  change  in  tympanic  membrane  compliance  with  changing 
static  pressure.  This  is  the  usual  pattern  with  middle  ear 
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A METHOD  OF  PREPARING  THE  [N  SITU  FROG  SPINAL  CORD  FOR 
INTRACELLULAR  RECORDING 


Prini'ipal  Investipcitor  W.  L.  R.  Cruce 

Since  the  pioneering  work  of  Brookhart  and  his  co-workers,  the  anuran 
(frog  and  toad)  spinal  cord  has  been  used  more  and  more  frequently  for  phys- 
iological and  pharmacological  investigations  of  vertebrate  synaptic  trans- 
mission. rhe  anuran  spinal  cord  can  be  removed  from  the  animals  and  kept 
alive  for  many  hours  in  a bathing  medium  of  oxygenated  Ringer's  solution.^ 
This  in  vitro  preparation  has  been  especially  useful  because  it  is  simple 
and  because  the  spinal  cord  can  be  quickly  infiltrated  with  known  concentra- 
tions of  chemical  agents  which  affect  synaptic  transmission. 

'I'he  m situ  anuran  spinal  cord  preparation  has  not  been  widely  used  for 
intracellular  recording.  However,  this  technique  allows  the  exploration  of 
problems  which  are  more  difficult  or  impossible  with  the  excised,  or  in  \ itro, 
spinal  cord  (e.g.  , identification  of  supraspinal  inputs).  Further,  it  enables 
the  cord  to  be  kept  in  better  physiological  condition.  Intracellular  recordings 
have  been  made  from  the  in  situ  spinal  cord  of  small  toads  and  small  frogs, 
but  few  technical  details  were  given  about  these  preparations.  More  recently, 
Cruce  has  used  in  situ  ))rcparation  of  the  spinal  cord  of  a bullfrog  in  an  intra- 
cellular studv  of  lumbar  motoneurons.  Details  of  that  experimental  prepara- 

9 

tion  are  shown  in  Figure  31.“ 
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effusion.  In  the  ear  with  ligation  and  tubes  installed  which 
ha\c  th(>  .selecti\-ely  permeable  membrane  o\(-r  their  lumen 
(Ml.T,  solid  line)  a norm.'i!  tvmpanogram  is  obtained.  This 
indiealefi  that  the  tym|).anie  membr.ane  conii)liance  I'hanges 
with  (iressure  :mrl  the  peak  at  0 pressure  indie-ates  normal 
ambient  (ire.s.sure  within  the  middle  ear.  When  the  membrane 
on  the  Ventilation  tube  was  oeeludefi  with  tietrokitum  (dasht'd 
line)  the  • \ tnpanottra  m reverted  to  ;i  sh.ape  indicating  a sealed 
m iddle  ea  r. 
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FiRure  31.  Overview  of  in  situ  frog  spinal  cord  preparation.  The  animal 
was  rigidly  attached  to  a rectangular  frame  by  clamps  on  the 
head  (A),  on  the  transverse  processes  of  thoracic  vertebrae* 

(K,.!),  and  on  the  left  iliac  bone  of  the  pelvis  (G).  Gold,  ox>  - 
1 genated  Hinger's  solution  was  applied  to  the  cord  (D)  and 

1 sucked  off  (It)  through  small  pipettes.  Bipolar  electrical 

' stimulation  was  applied  to  the  lower  brain  stem  or  upper 

[ spinal  cord  (B)  and  to  peripheral  nerves  in  an  oil  pool  (F). 

I Intracellular  recording  was  done  via  a micropipette  (G)  while 

t recordings  were  led  from  the  dorsal  surface  of  the  cord  via 

> a i)latinum  ball  electrode  (I).  , 

» j 

k ; 

' The  spinal  corrl  in  this  preparation  appearc'd  to  l)c  healthier  than  in  the 

; excised,  in  vitro  preparation.  Furthermore,  the  preparation  is  especially 

I useful  for  ke»*|Mng  perijiheral  nerves,  as  well  as  the  brain,  in  connection  with 

! the  spinal  cord.  Tht*  dev(*topment  of  this  technique  will  greatly  assist  thi* 

study  of  this  nervous  system,  which  is  of  importance  because  it  is  of  a com- 
plexity intermediate  between  that  of  higher  vertebrates  and  invertebrates. 

This  model  will  be  used  for  studi(*s  in  toxicology  and  on  mechanisms  of 
movement. 
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TERMINATION  OF  SUPRASPINAL  DESCENDING  PATHWAYS 
IN  THE  SPINAL  CORD  OF  THE  TEGU  LIZARD  (TUPINAMBIS 
NljGROPUI^CTATyS) 

I Mvf'St It i.if ( ii  tv.  L.  R Cruce 

In  oi'fler  to  understand  how  the  eenlral  ner\ous  system  font  robs  mo\c- 
ment,  these  studies  inve-stigated  motor  systems  in  a simple  vertebrate. 

Descending  filler  |)rojeetions  to  the  lizard  siiinal  I'ord  wcu'c  sludieci  using 
anterograde  axonal  flegenerat  ion.  Following  hemiseetion  of  the  cord  a!  the 
first  spinal  segment,  degeneration  was  found  in  the  white  and  grey  matter  as 
far  down  as  the  31st  (caudal)  segment  (Figure  32).  Degenc'rat  ing  filu'rs  in  the 
whitf-  mtittei-  were  confined  to  thc'  ipsilateral  side  and  were  fomid  in  the  nualial 
longitudinal  fasciculus  and  the  other  halt  of  the  lateral  and  \entral  funiculi.  IX'- 
generntion  was  more  inti-nse  in  thi'  dorsolateral  and  vent I'omedial  funiculi  than 
in  the  vf-ntrolateral  funiculus.  Iti  the  gray  matter,  Rexi'd's  criteria  were  ap- 
plied to  Nissl-stained  material  to  delimit  boundaries  of  ten  laminae  \TI  and 
\ lll,  and  in  mcflial  I.N.  Siiarse  degeneration  was  (iresent  in  (he  lalt'ral  parts  of 
\ , \1,  and  \'ll.  Degenei'.'il ing  fibi-rs  were  seen  coursing  in  thi'  dorsal  and  vi'n- 
tral  commissures  to  I'amifv  cont  ralatei'allv  in  the  medial  part  of  \ ll,  in  \ III. 
and  Ml  meilial  IX.  No  degenei'al  ion  was  iiresent  in  the  latei-al  part  of  the  spinal 
gi-av  on  the  contralateral  side.  In  ( iolgi-sta  ined  material,  dendrites  of  lalei'al 
l,\  cells  Were  seen  to  extend  into  lamina  \'lll,  the  dorsolateral  (lai't  of  \ II,  and 
the  lateral  funiculus.  Thus,  fibers  of  the  \ ent  i-omedi al  supraspinal  pathway 
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Fifjure  32.  A plot  of  axonal  degonoration  of  represt'nl alive  levels  of  the  I 

lizard  spinal  cord  following  a complete  hemisection  at  the 
first  cord  segment.  Small  drawings  to  the  left  show  trans- 
versf'ly  cut  axonal  degeneration  in  the  white  matter.  The 
large  drawings  to  the  right  depict  degeneration  in  the  gray 
matter.  .Axonal  terminals  are  not  distinguished  from  pre- 
timminal  debris  and  axons  of  passage. 
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may  make-  axodendritic  contact  with  molom-urons  of  lateral  IX  ns  well  as  me- 
dial IX,  ipsilaterally.  In  addition,  thc>re  is  a possibility  of  a crossed  connec- 
tion of  contralateral  motoneurons.  Thus,  the  basic  pattern  of  termination  of 
all  fiber  systems  df'seending  to  the  spinal  cord  was  lik(>  that  scam  in  mammals 
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when  all  the  noneortical  descending  pathways  are  studied.  'I'hese  results  are 
consistent  with  the  view  that  a corticospinal  pathway  does  not  exist  in  reptiles. 
Further  studies  are  under  way  regarding  the  origin  of  the  different  descending 
pathways  and  the  organization  of  their  target  cells  in  the  spinal  cord. 

These  studies  of  simplified  models  of  motor  systems  will  aid  our  under- 
standing of  human  motor  control  and  point  out  directions  for  possible  cures  of 
pathological  conditions  in  motor  function  such  as  those  caused  by  disease  and 
injury. 
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ANALYSIS  OF  THE  VISUAL  SYSTEM  IN  A LIZARD,  TUPINAMBIS 
NIGROPUNCTATUS 

Principal  Investigators  J.  A F.  Cruce,  Johns  Hopkins  University  School  of  Medicine; 
and  tv.  L.  R.  Cruce,  AFRRI 

The  visual  system  plays  an  important  role  in  the  behavior  of  all  verte- 
brates. 'Through  the  retina  of  the  eye  visual  information  reaches  many  parts 
of  the  nervous  system  where  the  information  can  be  analyzed,  integrated  and 
acted  upon.  Visual  information  is  received  by  the  retinal  ganglion  cells  and 
transmitted  via  axons  traveling  first  as  the  optic  nerve  and  then  as  the  optic 
tract  to  the  brain.  In  the  present  paper,  projections  from  retinal  ganglion 
cells  to  the  brain  were  described  in  one  species  of  lizard,  the  Tegu  lizard, 
Tupinambis  nigropunctatus. 

The  pattern  of  connections  from  the  retinal  ganglion  cells  to  the  brain, 
seen  in  the  'Tegu  lizard,  is  in  agreement  with  the  basic  vertelmatc  plan  as 
outlined  by  Kbbesson.^  Six  general  regions  of  the  brain  receivi'  retinal  fibirs; 
these  areas  are  as  follows:  dorsal  thalamus,  ventral  thalamus,  pretectum, 
tectum,  hypothalamus  and  basal  optic  nucleus.  This  general  organize  ion  has 
been  seen  in  all  reptile  species  studied,  although  certain  variations  arc  present. 

The  existence'  and  location  of  uncrossed  retinal  proje'ci ions,  as  seer  in  this 
studv  (Figaire  3.1),  do  not  seem  to  be  universally  observed  in  l)  e various  rep- 
tiles studied.  I sing  modern  experimental  techniques,  ipsilateo-al  projections 
have  been  well  documented  in  lizards  and  snakes,  whereas  turth's  and  c'roi-o- 
diles  secmi  to  have  completety  crossed  retinal  fibers.  In  all  of  the  lizards  and 
snakes  which  have  been  studied  to  date,  the  thalamus  seems  lo  be  the  recipient 
of  ipsilaleral  as  well  as  contralateral  retinal  projections.  In  addition,  the 
present  studv  found  bitati  rai  retinoteetal  projections  which  have  only  lu'cn  sicn 
in  three  other  n-pUlf'S-" 
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Figure  33.  Line  drawings  of  coronal  sections  through  the  brain  of 
Tupinambis  nigropunctatus.  Section  1 is  the  most 
rostral  level  and  section  10  is  the  most  caudal.  I'he 
diagonal  lines  indicate  areas  of  labeled  fibers  and  the 
stippling  indicates  areas  of  terminal  labeling.  The  in- 
jection of  tritiated  proline  was  into  f’le  left  eye,  i.c.  , 
contralateral  to  the  side  of  maximum  optic  tract  label- 
ing. The  nomenclature -follows  that  of  Cruce.  ^ 
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Stiuiit's  of  nonmammalian  visual  systems  such  as  have  been  performed 
here  are  aimed  at  an  understanding  of  how  the  central  nervous  system  pro- 
cesses visual  information.  In  particular,  we  hoped  to  learn  what  is  the  func- 
tion of  bilateral  representation  of  the  visual  world  in  the  brain.  Docs  this 
function  in  reptiles  in  such  a way  as  to  give  depth  perception  or  can  the  infor- 
mation he  used  in  some  other  way?  This  may  tell  us  what  other  function  bi- 
laterality has  in  the  human  visual  system  and  aid  in  curing  pathologies  of  this 
system. 
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EFFECT  OF  CHRONIC  ADMINISTRATION  OF  MORPHINE  ON  THE 
ACTIVITY  OF  BRAIN  MONOAMINE  OXIDASE  IN  THE  RAT 

I irivr  t',  G At  Catravas,  J.  Takenaga  and  C.  G.  McHale 

\\c  have  observed  that  during  the  de'V('!opme'nt  of  tolerance  to  morphine 
:i  iiumt Cl-  of  rat‘^  showed  an  activation  reaction  which  was  manifested  In- 
in )>cract  i \ it  \ , s))asmodic  ium))ing  and  compuislee  gnawing  within  the  lirst 
■pt  :’,0  niinui(  s afti f adn' inislrat  ion  of  the  la«t  dose'  of  morphine',  while'  othe  r 
rats  did  not  exhibit  this  hyper:ict  i vity  re-action.  This  study  was  se-t  up  to 
ele  ie'i'inine'  if  and  to  wh;it  i xie-nt  imam  moneianiine'  oxidase'  ae'li\it>’  is  mflu- 
('lU'e'el  tiv  e'hronie-  adnimisl  rat  ion  of  morphine'  to  the-se'  two  type-s  of  rats. 
M'lnoamini  oxida'a  ■!''!  i\ it  v v"^  me-asiu'e'e!  in  the  hv|Hithalamus,  hipiioeampus , 
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thalamus,  cerebellum  and  cerebral  cortex.  The  experimental  animals  were 
given  morphine  by  injecting  the  drug,  40  mg 'kg  body  weight  of  morphine  sul- 
fate per  injection  intraperitoneally,  twice  daily  for  8 days.  Control  animals 
were  injected  with  sterile  physiologic  saline  in  \olumes  corresponding  to 
those  of  the  morphine  solution.  After  the  6th  or  7th  day  of  morphine  admin- 
istration, a number  of  rats  (approximately  40  percent  of  the  experimental 
animals)  exhibited  the  activation  response  (jumping  rats)  for  the  first  20- 
30  minutes  after  each  injection  of  the  drug.  The  remaining  rats  did  not  show 
this  hyperactivity  reaction  (nonjumping  rats).  .4t  the  end  of  the  Sth  day,  one 
group  of  the  jumping  and  one  group  of  the  nonjumping  rats  were  euthanatized 
just  before  receiving  the  last  morphine  injection  and  were  used  as  base-line 
controls.  The  other  groups  were  given  the  last  morphine  dose  and  were 
euthanatized  at  5,  15,  30,  60  minutes,  6 or  24  hours  after  the  last  injec- 
tion. Experimental  animals  as  well  as  controls  were  euthanatized  by  de- 
capitation and  their  heads  were  instantly  frozen  in  liquid  nitrogen  in  a Dewar 
flask.  The  heads  were  later  removed  from  the  liquid  nitrogen  and  stored  at 
-OO^C  until  time  of  assay.  The  frozen  heads  were  partially  thawed  in  a cold 
room  and  the  brain  regions  to  be  analyzed  were  rapidly  dissected  out. 

The  effects  of  chronic  administration  of  morphine  on  monoamine  oxidase 
activity  in  the  brain  of  rats  showing  the  hyperactivity  reaction  (jumping  rats) 
are  presented  in  Table  17.  Within  minutes  aftei  the  last  administration  of 

Table  17.  Changes  in  Monoamine  Oxidase  Activity  in  Jumping  Rats 
Chronically  Treated  With  Moi’phinc 
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thc'  (li'up;,  monoamiiu'  oxidase  acti\ily  di'crcased  in  all  brain  areas  investi- 
gated. reaching  lowest  levels  at  approximately  15-30  minutes  |K)st  in  ject  ion. 

In  rats  euthanatized  at  fiO  minutes,  the  morphine-induced  decreases  in  mono- 
amine oxidase  activity  were  less  pronounced  and  this  activity  was  found  to  re- 
turn to  nearly  normal  levels  in  animals  euthanatized  at  0 or  24  hours  after  the 
last  morphine  injection.  No  significant  changes  were  observed  in  the  activity 
of  this  enzyme  in  rats  that  did  not  exhibit  the  hyperactivity  syndrome  after 
morphine  administration. 

These  observations  tend  to  support  the  existence  of  a relationship  be- 
tween the  appearance  of  thc  hyperactivity  syndrome  and  the  decrease  in  the 
activity  of  brain  monoamine  oxidase.  These  experiments  add  to  our  knowl- 
edge of  opiate  dependence  and  contribute  toward  the  development  of  human 
treatment. 

The  study  of  morphine-induced  changes  in  brain  monoamine  oxidase  de- 
scribed above  provides  information  on  basic  mechanisms  of  function  of  the 
mammalian  central  nervous  system.  This  information  is  of  great  value  to 
studies  of  effects  of  other  toxic  agents  including  ionizing  and  nonionizing 
radiation. 
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MORPHINE-INDUCED  CHANGES  IN  INTRACELLULAR  CATECHOLAMINES 
IN  RAT  CENTRAL  NERVOUS  SYSTEM 

1 ii  i.i-  ■'  J H.  Darden  and  G.  N.  Catravas 

The  ellerls  of  acute  and  ( hronic  dose.'  ot  . lorpliine  on  intracellular  levels 
and  distriliution  ol  eateeholamines  were  studii  d in  tlie  rat,  Spi  ague- Daw  le\ 
rais  weighing  20n-250  g were  used.  Thev  were  e<tuallv  divided  into  control 
and  e.x|>erimenta)  groups.  Control  animals  were  injected  with  !).  5 ml  saline, 
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ami  ivorplutif  treated  animal.’  reeeived  eitlier  a .sin;  le  dose  (CO  intra- 

peritoneally)  or  tu'iee  dailv  doses  of  IK)  ni;;/k;;  morpliine  sulfate  for  k tiays. 
The  animals  were  euthanatized  by  deeapiUition  min  t<>  1 hour  after  the  last 
drug  administration. 

Hrain  homogenates  were  Irac’tionatetl  into  ei’ude  synaptosomal  iK*llets  ami 
supernatants.  I he  syna(jto.some.s  were  osmotieallv  slux'kial,  and  dopamine 
and  norepinephrine  le\el.s  wei’e  measured  as  hound  (.synaptic  vesicles),  fi'ee 
(e.xtravesieulan,  and  e.\trasyivapt4>somal  fractions  in  the  supernatant.  'I  he 
rate  of  synthesis  of  catecholamine  was  determined  by  estimatia;.”  the  comer- 
sion  ol  injected  ^ ’c-tvrosine  into  ' *C-dopamine  and  ^ *C'-norepinephrine.  In 
rats  acuteh'  treated  w ith  morphine  there  was  an  increase  in  both  the  e.\tra- 
s\na|jtosomal  and  free  fraction  of  norepinephrine  in  each  ol  the  postmorphine 
testing  periods  )1.1,  .‘io  and  (iO  min  iH)stiniection)  (Table  IS),  as  well  as  in- 
creased accumulation  of  e.xtrasynaptosomal  ^ 'c-norepinej)hrine  at  HO  min. 

An  increase  in  endogenous  levels  of  dopamine  was  seen  in  the  e.strasynapto- 
somal  llC-dopamine  at  ;i()  and  (iO  min,  respectively.  The  bound  fractions 
demonstrated  no  appreciable  differences  at  any  of  the  testing  intervals. 


Table  IH.  Effects  of  .\cute  Doses  of  Morphine  on  f.evels  of  Norepinephrine 
(ng/g)  at  15,  30  and  (JO  .Minutes  After  Injeclion.  Hesults  are  (he 
mean  * S.  E.  M. 


N = S 

Percent  change 

.N  H 

15  min 

30  min 

Percent  change 

f»0  min 

fV  reent  change 

Control 

Kxtrjisynaptosomal 

ls7  t 2.3 

l.')3  *2.5 

109  t 1.2 

Morphine  treated 
Kxf  r.asv’napfosomal 

i 2,  0 

♦ 10 

195  t 2.5 

♦ 22* 

229  ; 2.(1 

^2(1* 

Control  Free 

3k  1 0. 

34  1 1.0 

3U  • 0.04 

Morphine  treated 
Free 

7s  . 1 . n 

♦ 51  * 

51  t 1.4 

♦ 33* 

42  i 0,45 

.29' 

<*ontrol  Uonnii 

3 i i rt.  75 

2!)  1 n.  73 

27  t 0.fi7 

Morphine  treated 
Hound 

34  • 0.  f)0 

30  . 0.07 

27  ♦ 0. 77 

■ P<n.or> 


Hats  ehronieally  tre-ated  with  morphine  also  demonstrated  an  increase  in 
the  endogenous  e.xtrasynaptosonial  levels  ol  both  dopamine  and  norepinephrine 
as  compared  to  controls,  while  onlv  nni-epinephrine  was  increased  in  the  free 
fraction  (lable  10).  These  d.ata  arc  consistent  with  a moriihine-induced  in- 
crease in  the  biosynthtisis  of  dopamine  and  norepinephrine,  resulting  in  in- 
creased levels  of  norepinephrine  in  the  nonfunctional  storage  pends  rather 
than  in  the  more  readily  available  pools.  This  is  supported  by  the  lack  of 
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chari};e  in  the  levels  of  the  bound  fraction,  suggesting  preferential  release  of 
newly  synthesized  norepinephrine  followed  by  replenishment  due  to  increased 
synthesis.  These  conditions  could  result  in  constant  equilibration  of  the  bound 
fraction.  An  understanding  of  the  neurochemical  ehajiges  in  opiate-dependent 
animals  may  provide  a rational  therapy  for  human  addicts  as  well  as  an  under- 
standing of  important  mechanisms. 


Table  19.  Effects  of  Chronic  Doses  of  Morphine  on  Levels  of  Norepinephrine 
and  Dopamine  1 Hour  After  the  Last  Injection.  Results  are  ex- 
pressed as  the  mean  + S.  E.  M.  in  ng/g. 


Norepinephrine 
N - H' 

Percent  change 

IXtpamine 
N ^ H 

Percent  change 

(.'ont  rot 

E.xl  ra.synaptosoma  1 

13S  r 2.5 

129  - 1.3 

- 

Morphine  treated 
E.xtrasvnaptosomal 

173  t 3.4 

-20* 

151  r 2.1 

-15* 

Control  Free 

34  ; 2.5 

- 

34  i 1 . 3 

Morphine  treated 
Free 

* 3.d 

-5lt 

34  r 0.91 

- 

Control  Bound 

21  t 0.(53 

- 

- 1.7 

- 

Morphine  treated 
Bound 

22  r 0.57 

- 

7-1.4 

- 

■ N = number  of  experiments  (four  rats  eachi 
* P<D.i)r)  [><0.25 
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PROSTAGLANDIN  E, -MORPHINE  EFFECTS  ON  ADENYL  CYCLASE 
ACTIVITY  IN  A RAT  BRAIN  SLICE  SYSTEM 

Principal  Investigaiois  J.  B.  Katz  and  G.  N.  Catravas 

Prostaglandin  stimulated  adenyl  cyclase  activity  was  studied  in  a rat 
brain  slice  incubation  system  to  determine  if  stimulation  could  be  prevented 
or  reversed  by  morphine.^  Brain  slices  were  prepared  from  naive,  acutely 
morphine  intoxicated,  and  morphine  tolerant  (dependent)  and  withdrawing  rats 
using  a Mcllwain  tissue  slicer  set  at  a 0.  30-mm  interval.  All  rats  were 
Sprague- Dawley  males  (200-250  g).  Acute  dosages  were  administered  at 
40  mg/kg,  while  tolerant  and  withdrawing  animals  were  prepared  with  twice 
daily  injections  of  40  mg/kg  of  morphine  sulfate  until  tolerant  to  the  analgesic 
properties  of  the  drug.  Withdrawal  was  precipitated  with  naloxone  challenge 
(0.  40  mg/kg),  and  rats  euthanatized  and  brains  removed  and  sliced  30  minutes 
after  naloxone  administration  at  which  time  animals  exhibited  classic  signs 
of  morphine  withdrawal. 

Morphine  addition  to  brain  slices  stimulated  with  prostaglandin  Ej  did  not 
prevent  or  reverse  stimulation  of  3',5'-cyclic  adenosine  monophosphate  accu- 
mulation in  either  naive,  acutely  morphine  intoxicated  or  tolerant  and  with- 
drawing rats.  Table  20  reveals  that  morphine  over  a wide  range  fails  to  sig- 
nificantly alter  the  approximately  twofold  stimulation  of  cyclic  adenosine  mono- 
phosphate accumulation  produced  by  prostaglandin  Ej  application  to  brain 
slices  from  rats  in  all  three  groups.  The  data  do  not  support  the  hypothesis 
that  the  prostaglandin  Ej  stimulated  adenyl  cyclase  system  provides  a neuro- 
chemical model  system  which  may  be  used  to  detect  and  perhaps  quantify  in- 
sults to  the  central  nervous  system  induced  by  a variety  of  toxic  influences 
including  ionizing  and  nonionizing  (microwave)  radiation. 
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Table  20.  Lack  of  Morphine  Reversibility  of  Prostaglandin  (PGE^) 

Stimulation  of  Net  3',5'-(’yclic  Adenosine  Monophosphate  (cAMP) 
Formation  in  Brain  Slices  from  Naive,  Acutely  Morphine-Treated 
and  Tolerant  and  Withdrawing  Rats.  Net  cAMP  formation  ex- 
pressed as  counts/min  of  [^llJcAMP  extracted  from  incubated 
brain  slices  per  mg  of  brain  slice  protein,  \ alues  are  means  t 
S.  E.  Number  of  rats  in  each  ;iroui)  shown  in  parentheses. 


Treatment  group 

PGEj 

concentration 

Morphine 
concent  ration 

Net  cAMP 
formation 

Naive  (4) 

0 

0 

3480 

+ 425 

2.9  X 

10  ® 

M 

0 

6640 

+ 350 

2.  9 X 

10"® 

M 

2.6  X 

10'“* 

M 

6625 

t 345* 

Acutely  morphine -treated  (6) 

0 

0 

3470 

t 280 

0 

2.  6 X 

10*‘‘ 

M 

3595 

+ 335 

2.  9 X 

10'® 

M 

0 

7230 

i 415 

2.  9 X 

10"® 

M 

2.  6 X 

10'^ 

M 

7040 

t 425* 

2.  9 X 

10"® 

M 

6.  7 X 

10'® 

M 

7215 

+ 110* 

2.9  X 

10-® 

M 

2.  6 X 

10'® 

M 

7330 

± 220* 

Morphine-tolerant  and  in 

0 

0 

3850 

± 470 

naloxone-precipitated 

4,  S X 

lO'*’ 

M 

0 

6630 

+ 580 

withdrawal  (4i 

4.  8 X 

10'® 

M 

1.  I X 

10'® 

M 

5890 

± 925* 

4.  8 X 

10'® 

M 

8.  0 X 

lO'"* 

M 

6425 

+ 350* 

4.  8 X 

10'® 

M 

2.6  X 

10''* 

M 

5950 

± 705* 

* Values  not  significantly  different  (P>  0.05i  from  corresponding  sample  in 
each  group  with  PGEj,  and  without  morphine 
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MORPHINE,  KETAMINE,  AND  HARMALINE  INFLUENCES  ON  RAT 
CEREBELLUM  3',5'-CYCLIC  GUANOSINE  MONOPHOSPHATE  LEVELS 


Principal  Investigators  J.  B.  Katz  and  G.  N.  Catravas 


Harmaline,  a trcmorogonic  drug  and  a known  olovator  of  ccrohcllar 
cyclic  guanosinc  monophosphate  levels,  produced  a nOO  percent  rise  in  cyclic 
guanosine  monophosphate,  from  5 to  25  pmoles  mg  protein,  when  injected  at 
30  mg^kg,  intraperitoncally.  This  rise  was  partially  blocked  by  morphine  jn-e- 
treatment,  but  even  45  mg/kg  of  morphine  failed  to  block  harmaline-inducerl 
tremor  or  to  reduce  cyclic  guanosine  monophos|thate  levels  below  twice  con- 
trol values.  This  harmaline-morphine  relat ionship  was  identical  in  Itolh 
acutely  morphine  injected  and  chronically  morphine  treated  (tolerant)  rats. 
Ketamine,  a dissociative  analgesic  drug,  reduced  or  blocked  harmaline  eleva- 
tion of  cerebellar  cyclic  guanosine  monophosphate  levels:  20  mg  kg  of 
ketamine-reduced  cyclic  gaianosine  mono])hosphate  levels  to  30  percent  of 
control  values,  even  in  harmaline-treated  rats.  Isoniazid,  a known  epib-pto- 
genic  drug  when  administered  in  excess  of  clinical  levels  (300  mg  kg  intra- 
peritoneally),  elevated  cerebellar  cyclic  guanosine  monophosphate  levels  to 
700  percent  of  control  levels.  Phosphodicslerast'  aeli\  ities  in  soluble  frac-tions 
of  cerebellar  homogenates  were  equal  in  control  and  morphine,  harmaline',  or 
isoniazid-treated  rats.  Particulate  eorc'bt'llar  guanxlaie  c\clase  activities  were 
equal  in  control  and  morphine  treated  rats;  howcvc'r,  guanylate  cvc'lase  activ- 
ity was  increased  approximately  30  percent  in  rats  reci'iving  harmaline  oi’ 
isoniazid  (Figure  34).  An  understanding  of  physiologic  and  pharmacologic  con- 
trol of  central  nervous  system  cyclic  nucleotide  metabolism  will  permit  greater 
insight  into  molecular  effects  of  exposure'  to  ionizing  anrl  nonionizing  radiation. 
The  important  and  sensitive  nature  of  cyclic  nucleotide'  me'tabolism  in  e'cntral 
nervous  system  function  furnishe's  a me)de'l  syste'm  for  Ihe'  study  of  a variety  e>f 
neurotoxie  agents  and  meehanie's  e>f  their  action.  Pharmaceilogie'  mani(uilat ion 
of  enzymes  in  this  model  system  may  offe'r  the  opi)ortiinity  of  modifying  some' 
neurochemical  effects  of  ionizing  and  nonionizing  raeliation  e-xposure'. 


Figure  34. 

Particulate'  ee're'lu'llar  guanylate'  cyclase'  ae'tivitv  in 
cere'bellar  hevmogenate'S  from  morphine',  harmaline, 
anei  isoniazid  (IXII)  tre'ate'd  rats 
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CEREBELLAR  3',5'-CYCLIC  GUANOSINE  MONOPHOSPHATE  LEVELS 
REDUCED  BY  NARCOTIC  AND  HYPNOTIC  DRUGS:  CORRELATION 
WITH  DRUG-INDUCED  ATAXIA 

Principal  Investigators  J.  B.  Katz  and  G.  N.  Catravas 

Maintenance  of  normal  coordination  and  precision  motor  activity  requires 
an  i.'tact  Purkinje  cell  system  in  the  cerebellum.  Cerebellar  cyclic  ^uanosine 
monophosphate  has  been  shown  to  reside  in,  or  be  functionally  associated  with, 
the  P>.irkinje  cells.  Acute  administration  of  morphine  (45  mgAg,  intraperi- 
toneally)  or  pentobarbital  produces  a prompt,  dramatic  reduction  in  the  cyclic 
gnanosine  monophosphate  pool  of  the  cerebellum  of  the  rat.  The  reduction  is 
both  dose  and  time  dependent.  The  induction  of  ataxia  by  these  drugs  corre- 
lates positively  with  their  ability’  to  depress  cerebellar  cyclic  guanosine  mono- 
phosphate levels  and  by  inference  to  interfere  with  functional  activity  of  cellu- 
lar cerebellar  elements  (Figure  35).  Animals  made  tolerant  to  morphine 


TIME  AFTER  DRUG  ADMINISTRATION  (minutes) 


Figure  35.  'l  ime  course  studies:  (ime -dependent  effects  of  acute  doses 
of  morphine  (45  mg ''kg)  or  pentobarbital  (25  mg  kg)  on  cere- 
bellar cGMP  content.  All  injections  intraperitoneally.  For 
morphine  study,  n ==  7,  means  i S.  K.  For  pentobarbital 
study,  n - 5,  means  ± S.  F.  o;  morphine  time  course; 

• : pentobarbital  time  course. 
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aniipals  refrac-tov\  to  niorpliint-'s  aiiali^osio  pro|x‘ilit si  ii-roui^li  i hronic 
adnuiiistration  of  the  dni^  show  neither  eyelie  ”\ianosine  nioiio])hf)sphate  reduc  - 
tion nor  ataxia,  even  in  the  presence  of  a morphine  el);dlenf;i'  oi'  eliallenae  with 
the  narcotic  antagonist  naloxone  (Fi^rire  liti).  Tlu-se  studies  provide  insij^ht 
into  mec-hanisms  anci  biochemical  e\  ents  iindei  lyinf;  normal  and  atmxic  motor 
behavior,  and  are  thus  of  value  in  studx  inft  effects  of  ionizing  and  nonionizin',; 
radiation  upon  central  ner\ous  system  lunetion.^  Uisruption  of  motor  coordi- 
nation and  activity  daring  early  transient  incapacitation  following  higli  doses 
of  ionizing  radiation  may  proceed  through  several  mechanisms,  one  of  which 
may  involve  perturbations  in  cerebellar  cyclic  nucleotide  metabolism. 


NAIVE  CONTROL  RATS 

TOLERANT 
CONTROL  RATS 


TOLERANT  AND  MORPHINE- 
CHALLENGED  RATS  (45  mg  leg) 

TOLERANT  AND  NALOXONE - 
withdrawing  RATS  (2.5  mg  kg) 


Figure  3(i.  Kffcct  of  morphine  tolerance,  and  morphine  or  naloxone 
challenge  in  morphine-tolerant  rats  on  cerebellar  cGMP 
levels.  Animals  were  made  tolerant  by  twice  daily  in- 
jections of  morphine  sulfate  (tlO  mg  kg,  intraperitoneally ) 
for  10  days.  A tolerant  control  group  was  euthanatized  by 
focused  microwave  irradiation  just  prior  to  final  scheduled 
morphine  dose.  Tolerant,  morphine-challenged  rats  were 
injected  with  T.T  mg  kg  morphine,  intraiieritoneally,  at  this 
time,  and  tolerant,  naloxone-withdrawing  rats  were  in- 
jected with  2. . 5 mg 'kg  naloxone,  intraperitoneally,  at  the 
same  time.  Both  groups  were  euthanatized  l.T  minutes 
later,  at  which  time  naloxone-withdrawing  rats  exhibited 
the  typical  abstinence  syndrome  of  diarrhea,  shaking,  and 
hvpersensit ivitv  to  handling,  n - 7,  means  * S.  K.  for  each 
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MONOAMINE  OXIDASE  ACTIVITY  IN  NERVOUS  AND  PERIPHERAL 
TISSUES  OF  APLYSIA 

PrincifMl  Investitjdtors  J.  L.  Ribas,  G.  N.  Catravas,  J.  Takenaga  and  D.  O.  Carpenter 

Termination  of  action  of  biogenic  amines  in  biological  systems  is  media- 
ted either  by  reuptal-ce  mechanisms  or  by  metabolic  degradation.  In  tlie  nerv- 
ous system  of  Aplysia,  several  laboratories  have  failed  to  detect  monoamine 
oxidase  in  spite  of  evidence  that  several  biogenic  amines  function  as  neuro- 
transmitters in  this  preparation.  We  have  reinvestigated  this  problem  using 
a \ ariet>^  of  substrates  and  report  the  presence  of  monoamine  oxidase  in 
.\plvsia.  Aplysia  californica,  weighing  approximately  300  g,  were  dissected; 
and  the  kidney,  liver,  salivary  gland,  gill,  heart,  intestine  and  ganglia  were 
homogenized  in  cold  isotonic  KCl  or  0.25  M sucrose.  Monoamine  oxidase  ac- 

O 

tiviU'  was  measured  according  to  the  method  of  Wurtman  and  Axelrod  using 
’ ^^C'-trvptamine  as  substrate.  Highest  monoamine  oxidase  activity  was 
found  in  the  liver;  appreciable  amounts  also  were  found  in  pooled  ganglia, 
intestine,  gill  and  kidney  but  salivary  gland  and  heart  had  none  (Table  21 1. 
When  [ ^^C'-tryptamine  was  used  as  substrate  according  to  the  method  of 
Robinson  ct  al.^,  the  amount  of  monoamine  oxidase  activitv’  detected  in  the 
nonnervous  tissues  was  at  least  as  great  as  when  tryptamine  was  used  as  a 
substrate.  In  the  pooled  ganglia,  howe\er,  the  monoamine  oxidase  activity 
measured  with  tyramine  was  only  25  percent  of  that  determined  using  trypt- 
aminc.  Tliesc  results  indicate  that  monoamine  oxidase  is  present  in  the  nerv- 
ous tissue  ol  Aplysia.  thus  suggesting  that  deamination  may  be  an  important 
()athwa\  for  the  tcrminatif)n  of  action  of  at  least  some  of  the  biogenic  amines, 
rhere  mav,  however,  be  differences  in  the  monoamine  oxidase  substrate 
sjH'cificity  in  different  organs. 
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Table  21.  Monoamine  Oxidase  Activity  in  Nervous  and  Periplieral  Tissues 
of  .Aplysia 


TISSUE 

SUBSTRATE*  1 

TRYPTAMINE 

TYRAMINE 

Ganglia 

1.453  + 0.186T  (3) 

3.65  + 0.03  (2) 

Liver 

2.474  i 0.023  (5) 

30.22  + 0.269  (4) 

Kidney 

0.767+0.027  (4) 

19.86  (1) 

Gill 

0.214  + 0.214  (2) 

16.63  (1) 

Intesti ne 

0.382  (1) 

Salivary  Gland 

N.D. 

N.D.  (2) 

Heart 

N.D. 

N.D.  (1) 

* Results  are  expressed  as  nmoles  of  substrate  converted  per  mg 
of  protein  per  unit  of  time. 

t Values  are  mean  + S.E. 

N.D.  None  detected 

0 Number  of  experiments  in  duplicate 

This  study  has  provided  basic  data  for  future  experiments  on  the  effects 
of  low-level  ionizing  radiation  on  enzyme  levels  of  Aplysia  nervous  tissue, 
a relatively  simple  mcxlel  compared  to  mammals.  Tlie  ultimate  <>f  this 
project  is  to  understand  the  effects  of  radiation  on  enzymes  and  neurotrans- 
mitter  metabolism  of  single  neurons  and  to  correlate  this  witli  similar  pub- 
lished experiments  in  mammals  from  our  department. 
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BIOCHEMICAL  CHANGES  IN  THE  BRAIN  OF  RATS  EXPOSED  TO 
MICROWAVES  OF  LOW  POWER  DENSITY 


Prini,i()al  lnv('stii)<itors  G.  N,  Catravas,  J.  B.  Katz.J.  Takenaga  and  J.  R.  Abbott 

Experiments  were  conducted  to  determine  the  effects  of  low  pow'er  density 
microwave  radiation  on  macromolecular  constituents  of  the  mammalian  brain. 
Sprague- l):iwley  male  rats  weighing  200-250  g were  used  in  this  scries  of  ex- 
periments. Since  the  plastic  cages  commonly  employed  to  confine  animals 
during  exposure  (Plexiglas,  polycarbonate,  etc.  ) reflect  a considerable  por- 
tion of  the  microwave  beam  and  produce  extensive  field  perturbations,  a 
microwave-transparent  material.  Styrofoam,  was  used  to  construct  the  cages. 
Coating  of  the  inner  walls  of  the  cages  with  a solution  of  quinine  effectively 
prevented  the  rats  from  chewing  through  thc-ir  walls  during  exposure. 

Croups  of  rats  were  e.xposed  to  microwave  radiation  (continuous  wave)  of 
2450  Mliz  fre((uency  and  10  mW  'em-  power  density  (m  hours  per  day  for  S days 
between  .s  a.  m.  and  4 p.m.)  in  an  anechoie  chamber  (C.  S.  .Army  Microwave 
Facility,  f’orest  Glen,  Silver  Spring,  .Maryland).  Control  rats,  effectively 
protected  from  the  microwave  beam,  were  kept  in  the  same  exposure  cham- 
bci’  under  the  same'  en\  ironmental  conditions  as  the  experimental  animals. 

No  food  or  water  was  given  to  the  animals  during  cxi)osure,  but  they  had  free 
access  to  both  between  exposuri’s. 

■At  the  end  of  th(>  last  day's  irradiation,  several  experimental  and  control 
rats  were  euthanatized  by  dcc-apitat ion,  half  being  euthanatized  immediately 
after  exposure  and  the  remainder  hours  later.  I'lu'  brains  W('re  quickly  ex- 
cised, placed  on  ice,  and  the  I’egions  to  be-  analyzed  were  rapidly  dissected 
out  and  frozen  in  lirgiid  nitrogen  until  time  of  assay.  J'he  remaining  rats,  used 
to  measure  le\cls  of  neurot  ixinsmitters,  were'  eulhanat  ized  by  a foeuserl  high 
intensitv  mierova\c  beam.  The  microwave-induced  changes  in  the  prostaglan- 
din Kj  stimulated  brain  adenvl  evelase  and  serotonergic  systems  ha\c  been  in- 
\estigated  in  this  series  of  experiments.  Preliminary  results  indicate  an  in- 
creased sensiti\  ity  of  brain  adenvl  evelase  to  (irostaglandin  li^,  with  a shift  of 
the  flose- response  eur\e  to  the  left.  Tt'is  shift  was  more  pronounced  in  irra- 
diated animals  euthanatized  ''  hours  pe.stexiiosure  than  those-  ('Uthanatized  im- 
mediatelv  aflei'  exposure.  However,  the  maximal  adenvl  cyclase  ai'tixity  did 
nf)t  appear  to  be  affeeteil.  Margin.il  changes  (increase)  in  the  activity  of  tryp- 
tophan hvdroxylase  and  le\els  of  serotonin  in  the  hv)xithalamic-thalamK'  region 
were  also  observed.  No  ehanges  in  monoamine  oxidase  activity  wc-re  seen. 

I he  efff-cts  of  mierowaves  on  I hi  liram  are  imiiortant  considerat  ions  for  mili- 
tar\  personnel  exposed  to  radar  siti  s. 


MECHANOSENSORY  TRANSDUCTION  IN  SENSORY  AND  MOTILE  CILIA 


Principdl  Investigator  M.  L.  I/Viederhold 

It  has  lonj;  been  recognized  that  there  are  striking  anatomical  similarities 
between  those  cilia  classically  thought  of  as  serving  "sensory"  and  those  seiz- 
ing "motile"  functions.  It  has  also  been  suggested  that  sensory  cilia  evolved 
from  motile  cilia,  and  in  lower  forms  there  are  cases  in  which  motile  cilia 
are  utilized  in  mechanoreceptive  organs. 

Studies  in  recent  years  on  the  detailed  fine  structure  and  biochemistry  of 
motile  cilia  have  far  outstripped  those  on  sensory  cilia.  The  current  state  of 
knowledge  of  motile  cilia  was  examined  briefly,!  concentrating  on  those  proper- 
ties that  may  be  pertinent  to  the  transduction  of  mechanical  stimuli.  This  re- 
view was  organized  around  the  hyi^othesis  that  mechanosensitivit\-  and  motilitv 
are  complementary  aspects  of  cilia  and  that  the  structures  responsible  for 
motility  may  be  intimately  involved  in  mechanosensory  transduction.  Although 
similar  hypotheses  have  been  espoused  by  several  im  estigators  studying  in\er- 
tebrate  ciliated  mechanoreceptors,  with  some  noUible  exceptions  the  possible 
advantages  of  at  least  drawing  parallels  bettveen  the  T.\  o classes  of  cilia  hat  e 
largely  been  abandoned  by  those  working  w'ith  vertebrate  hair  cells.  This  is 
not  to  state  that  such  a hypothesis  is  proven  or  that  it  is  universally  apidicable; 
rather  the  purpose  of  the  review  w as  to  set  up  a conceptual  model  w ith  the  hope 
of  stimulating  research  to  either  support  or  deny  its  validity  in  various  mech- 
anoreceptors. In  reviewing  what  data  are  available  or  can  be  inferred  concern- 
ing mechanosensory  transduction  in  cilia,  those  aspects  of  the  motile  system 
that  clearly  are  not  applicable  are  noted.  In  fact,  the  ciliary  structure  has 
been  dropped  in  the  evolution  of  the  (adult)  mammalian  cochlea.  This  re\  iew 
covers  representative  examples  of  a variet\'  of  receptors  rather  than  attempt- 
ing to  describe  every  type  of  mechanosensitive  cilium  and  every  pertinent 
paper. 

Since  the  ciliated  receptor  cells  in  the  human  inner  car  arc  especially 
sensitive  to  ionizing  radiation,  it  is  essential  to  thoroughly  understand  the  func- 
tion of  these  cilia  in  order  to  understand  the  damaging  effects  of  radiation. 
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RECTIFICATION  IN  APLYSlA  STATOCYST  RECEPTOR  CELLS 

PrinnujI  investi(|dtor  M.  L.  Wiederhold 

Membi’ane  slope  resistance  of  Aplysia  statoevst  receptor  cells  was  meas- 
ured by  passing;  constant  current  pulses,  usin^  a brid<;e  circuit.  In  response 
to  downward  tilt  all  cells  which  responded  exhibited  dejx)lari/cation,  but  this 
could  be  accompanied  by  either  decrease,  increase,  or  no  nieasurable  change 
in  slope  resistance,  depending;'  on  resting  membrane  potential. 

By  altering  membrane  potential  with  direct  current  and  measuring  slope 
resistance  with  constant  current  pulses,  these  cells  are  shown  to  exhibit  both 
anomalous  and  delayed  rectification  (Figure  .‘17).  hither  hypcrjxjlarization  or 
depolarization  from  one  potential  can  cause  the  slope  resistance  to  decrease 
by  as  mucli  as  a factor  of  five.  The  response  to  stmidard  tilt  can  be  changeil 
fi'om  an  increase  in  slope  resistance  a decrease,  or  \ ice  \ ersa,  b\-  altering 


HEMBRANE  potential  (mV) 

Figure  .'17,  Slope  resistance  at  different  meml)rane  pot(-ntiaIs.  Slojie 
resistance  measured  with  -0.,')  nA.  tlOO-msc'c  constant 
current  pulses  super i mposc'd  on  d.c.  ranging  from  0 to 
•I.ttn.A.  Fpward-pointing  arrow  inriicales  measurement 
at  beginning  of  run.  Open  circle  with  downward  pointing 
arrow  is  measurement  with  0 d.c.  at  end  of  run,  indioit- 
ing  that  the  slope  resistance  increaseri  from  2t>  to  !2  Mw 
throughout  the  passage  of  current.  Inset  indicates  the  a\(M'' 
age  mc'mbranc  iiotenlial  (iK-tween  current  pulsesi  at  each 
value  of  d.c.  , measured  20-.'{0  sec  after  changing  d.c. 
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membrane  potential.  When  membrane  potential  was  held  constant  durinj;  down- 
ward tilt,  the  slope  resistance  always  decreased.  Slope  resistance,  the  volt- 
age response  to  standard  tilts  and  the  amplitude  of  memijrane  p<^Lential  fluctu- 
ations all  vary  with  average  membrane  potential  in  a similar  manner. 

I These  findings  are  incorporated  into  a circuit dnodel  in  which  anomalous 

; and  delayed  rectification  are  represented  by  volUige-controlled  elements.  The 

response  to  tilt  is  always  modelled  as  introducing  a parallel  conducUmce  path- 
I way  with  a large  positive  reversal  potential.  The  model  demonstrates  that 

( slope  resistance  can  be  increased  by  adding  a parallel  shunt  iiathway  if  the 

latter  brings  the  membrane  out  of  the  anomalous  rectification  region.  The 
model  also  demonstrates  how  delayed  rectification  can  greatly  alter  the  rin  er- 
sal  potential  inferred  from  measurements  at  potentials  below  actual  reversal. 
These  subtle  characteristics  of  hair  cell-lil^e  receptors  are  only  likely  to  Ije 
elucidated  through  research  on  model  systems  such  as  tlie  Aplysia,  \ et  they 
are  just  the  sort  of  mechanism  wliich  might  be  expected  to  be  affected  Ijy  ion- 
izing radiation.  They  could  thus  form  a physiological  substrate  for  the  selec- 
tive sensitivitv'  to  I'adiation  of  cochlear  and  vestibular  hair  cells  in  man. 


RESPONSE  OF  APLYSIA  STATOCYST  RECEPTOR  CELLS  TO 
PHYSIOLOGIC  STIMULATION 

F’rinciiMl  Invnstitidtors  M.  L.  Wiederhold and  E.  K.  Gallin 

The  mechanism  whereby  sound  is  transformed  into  nerve  iin])ulses  in  the 
ear  is  of  critical  imporUuice  in  undei's landing  both  the  meclianisms  of  hcaruig 
and  treatment  of  diseases  of  the  ear.  However,  electrical  recording  from 
these  cells  is  very  difficult.  We  have  studied  a simjdler  receptor  preparation 
i that  acts  through  a similai’  meclianism. 

The  electrical  responses  of  A|)l> sia  statocyst  rei  eptor  cells  were  inxesti- 
gated  using  intracellular  microelectrodes.  These  ciliated  mechanorcceptor 
cells  were  stimulated  by  downward  tilting  about  a horizontal  axis.  KxciUitor\ 
tilts  produced  a depolarizing  receptor  potential  which,  if  large  enough,  could 
generate  action  potenti;ils. 

Large  fluctuations  in  membrane  ixvtential  were  evident  during  de(xdarizing 
receptf)!’  [XJtentials  and  were  reduced  or  sometimes  absent  when  a cell  was 
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tilted  upward.  Power-density  specti'a  of  the  noise  voltat;e  re\  ealed  that  most 
of  the  energy  added  by  downward  tilt  is  contained  in  fre<iueney  components  be- 
low 3 llz.  Hemovinf;  synaptic  input  to  the  receptor  cell  by  cutting  the  stato- 
cyst  ner\  e or  adding  excess  Mg^ ' to  the  bath  did  not  abolish  the  increase  in 
fkictuation  caused  by  downwax'd,  excitatoiw  tilts. 

The  depolarizing  receptor  potential  was  often  associated  with  a decrease 
in  membrane  resistance  as  measured  with  constant  current  pulses,  using  a 
bridge  circuit.  Replacing  most  of  the  Na"^  in  the  bath  with  either  Tris  or  Mg^ 
abolished  both  potential  and  resistance  changes  caused  bj'  downwax'd  tilt  (Fig- 
ure 38).  These  l esults  indicate  that  an  increased  pex'meability  to  Na*  under- 
lies the  receptor  potential. 

SODIUM-FREE  ASW 


pO  mV 


I-  10  ..c  ,2,j| 

Figure  3s.  Response  to  tilling  in  normal  and  Tris  substituted  Xa*- 
dcficicnt  seawater.  Left-hand  side  in  normal  seawater. 

I’pper  trace:  membrane  potential  with  -.'50  m\'  reference 
line.  Lower  trace:  tilting  table  position.  This  cell  showed 
considerable  activation  in  the  level  table  position  which  was 
reduc('d  when  the  table  was  tilted  up  to  *40°  (ccll-up  positioni. 
Right-hand  side  recorded  25  min  after  changing  to  solution  in 
which  XaCl  was  replaced  with  Tris  HCl.  Membrane  hyper- 
polarized  from  -Ol  mV  in  normal  seawater  to  -04  m\'  in  level 
table  (0°»  position.  Average  pottmtial  at  f40°  in  normal  sea- 
water was  a))proximately  -70  m\‘.  Potential  fluctuations  and 
rt'sponse  to  tilling  are  abolished  in  low-Xa‘  seawater. 

This  ))rcp;ir;ition  provides  a valualxlc  model  of  hair  cell  I'ceeptor  cells, 
such  as  those  in  the  mamm;ili;m  inner  ear.  Since  the  latter  are  especially 
sensitive  to  ionizing  radi:ition,  the  statocy.st  provides  a system  in  which  the 
mechanisms  of  r;idiation  d;muige  can  lie  stutlicd. 
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CHRONIC  RECORDING  OF  AUDITORY  NERVE  POTENTIALS 
FROM  THE  CAT 


Principal  lnvoslii)ators  M.  L.  Wiederhold,  AFRR!;and  S.  A.  Martinet, 

National  Nava!  Medical  Center 

Long-term  reproducible  collection  of  data  is  an  imiwrtant  technical  aspect 
of  long-term  studies  in  the  developjvent  of  a disease  state,  response  to  trauma, 
or  theraixjutic  treatment.  A system  r.as  been  developed  which  allows  repeated 
recording  of  auditoiw- nerve  response  to  transient  acoustic  stimuli  using  a closed 
acoustic  system.  Nj  and  N2  responses  to  click  las  well  as  tone-  or  noise-pipsl 
recorded  from  the  external  ear  c’anal  near  the  tympimic  membrane  resemble 
those  recorded  near  the  round  window.  Th.e  amplitude  of  the  responses  recorded 
from  the  canal  are  lower  than  those  fron;  the  round  window  by  a factor  of  five  to 
ten  but  the  shapes  of  the  res{K>nses  at  the  two  locations  are  nearly  identical.  W’e 
have  developed  a sj'stem  using  an  inexpensive  dynamic  ear  phone  which  delivers 
sound  through  a closed  hollow  ear  bar  inserted  into  the  external  ear  canal.  'The 
tip  of  the  ear  bar  is  made  of  an  insulating  plastic,  except  for  a small  stainless 
steel  ring  at  the  end  which  serves  as  the  recording  electrode.  A calibrated 
probe  microphone  incorporated  into  the  ear  bar  measures  sound  pressure  near 
the  tympanic  membrane,  allowing  better  stimulus  control  than  a\  ailablc  with 
free-field  systems.  Using  averaging  techniques,  measurable  responses  to 
clicks  over  a 90-dB  intensity  range  have  been  obtained  (Figure  39).  The  pealv 
pressure  of  the  most  intense  click  available  is  about  130  dB  re  0.0002  dyn/cm-. 
Hes{X)nse  amplitude  <'uid  latency  for  fixed  stimuli  are  relatively  constant  from 
one  I’ecording  session  to  another,  separated  by  weeks  or  months.  A complete 
intensity  series  for  both  condensation  and  rarefaction  clicks  can  be  obtamed  in 
less  than  1 hour. 

For  long-term  h/agitudinal  studies  this  system  has  the  advantage  of  being 
able  to  closely  monitor  stimulus  parameters  and  maintain  them  constant.  A 
further  advantage  is  that  surgical  implantation  of  chronic  recording  electixxles, 
with  their  inherent  risk  of  infection,  is  avoided.  This  s\stcm  can  be  used  to 
study  the  effects  on  hearing  of  noxious  agents  such  as  noise  exjjosure  or  ion- 
izing radiation. 
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Figure  39.  Responses  to  rarefaction  (RC)  and  condensation  (CC)  clicks  recorded 
with  the  earbar  electrode  using  the  closed  acoustic  system.  Click 
level  given  in  dB  attenuation  from  maximum  level  of  130  dB  SPL  peak 
pressure.  Left  side:  amplitudes  (upper  plots)  and  latencies  (lower 
plots)  of  averaged  responses  to  clicks  from  0 dB  to  -90  dB  levels. 
Amplitude  measured  from  base  line  (average  potential  in  1 msec  pre- 
ceding presentation  of  click  pulse  to  earphone)  to  maximum  negative 
peak  of  Nj  response.  Latency  measured  from  onset  of  click  pulse  to 
earphone  to  time  of  maximum  negative  peak  of  Nj.  Right  side:  sample 
averaged  responses  from  which  the  amplitudes  and  latencies  were  meas- 
ured for  both  RC's  and  CC’s.  Calibration  bar  to  left  of  each  average 
with  (jV  amplitude  of  the  bar  indicated.  Each  average  is  of  256  responses 
for  levels  above  -40  dB  and  512  responses  for  -40  dB  and  below. 
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ELECTROPHYSIOLOGY  OF  HUMAN  MACROPHAGE  STIMULATION  BY 
ENDOTOXIN  ACTIVATED  SERUM 

Pfincit.dl  lriv<^sti()dtors  E.  K.  Gallin,  AFRFtI; and  J.  /.  Gallin, 

National  Institutes  of  Health 

It  has  previously  been  shown  that  endotoxin  activated  serum  induces  mac- 
rophage spreading.  ^ To  study  the  initial  events  of  such  macrophage  stimula- 
tion we  measured  the  effects  of  endotoxin  activated  serum  on  the  electrophys- 
iological  properties  of  human  macrophages  cultured  for  2-3  weeks.  4 M 
potassium  acetate  microelectrodes  with  resistances  of  50-100  megohms  were 
used  to  record  l>oth  intracellular  potential  and  resistance  changes.  The  rest- 
ing potential  of  cultured  macrophages  ranged  from  -10  to  -25  m\’  with  an  av- 
erage of  -14  m\'.  Kndotoxin  activated  serum  added  to  the  bath  caused  large 
hvTierpolarizations  (20-40  mV)  associated  with  a decrease  in  membrane  re- 
sistance. The  h>T3(  rpolarizations  occurred  within  2-5  sec  and  were  also  ob- 
served when  endotoxin  activated  serum  was  applied  to  single  cells  with  blunt 
m i c r oel  e c t r ode  s . 

Control  serum  heated  at  5(i^C  for  30  minutes  before  activation  as  xv’ell  as 
activated  serum  deficient  in  C5  were  ineffective.  C3  deficient  serum  incubated 
with  t'.'i  did  produce  membrane  hv'perpolanzations  as  seen  in  Figure  40.  .Ad- 
dition of  2 mM  Mg-K(71'A  abolished  the  hyperpolarizing  responses  immediately. 
These  hyperpolarizations  are  similar  to  the  spontaneous  hyperpolarizing  acti- 
vations previously  reported  in  both  guinea  pig  and  human  macrophages. ^ These 
data  suggest  that  membrant'  hyperpolarizations  relatt'd  to  calcium  and  potas- 
sium fluxes  are  important  in  the  stimulation  of  macrophages  by  complement 
products  generated  during  endotoxin  activation  of  serum. 
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I-  igure  m.  1 he  top  tracing  is  a record  of  the  t ransmc'mbrane  potential  of 
a human  maero[ihage  stimulalefl  first  with  C.'i  rlefieient  scmum 
ineuliated  with  saline  for  30  minutes.  Tht'  deficient  serum 


The  effects  of  endotoxin  released  during  radiation  injury  and  infection 
are  in  large  part  due  to  macrophage  activation.  An  understanding  of  the  mem- 
brane phenomena  associated  with  macrophage  activation  is  therefore  important 
in  the  study  of  radiation  injury  and  other  disease  states. 
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DIFFERENTIAL,  INTRACOCHLEAR  RECORDING  OF  THE 
COCHLEAR  MICROPHONIC  IN  PIGEON 

Printiiwl  Invostiqjtoi  M.  G.  Pierson 

Using  tone  bursts  as  stimuli,  the  auditory  receptor  potential,  the  lochlear 
microphonic,  was  characterized  as  a function  of  stimulus  freciuency  and  intensitv' 


Figure  40  (continued), 

plus  saline  was  applied  to  the  cell  by  allowing  it  to  diffuse'  out 
of  the  tip  of  a broken  microelectrode  (tip  diameter  20  ^m). 

Forty  seconds  later  C3  deficient  scrum  incubated  with  C5  for 
30  minutes  was  added  to  the  cell  in  the  same  way  resulting  in 
a large  hyperpolarization.  The'  tracing  below  the  potential 
tracing  represents  the'  current  inje'cted  through  the  microe'lec- 
trode'  using  the  bridge  circuit  of  the'  amplifier  in  orde'r  to  moni- 
tor the  input  resistance  of  the-  cell.  ('5  deficient  serum  plus 
saline  anel  C’5  deficient  serum  plus  C3  we-re'  applie'd  to  this  ce'll 
again  and  the'  response's  are'  shown  in  the'  bottom  half  e>f  the  fig- 
ure'. 'I'he'  ce'll  re'spejnels  to  a se'e-onel  applie-ation  e)f  ('3  ek'ficie'iit 
se'rum  plus  C'3  with  a smalle'r  hyperpolarization.  At  the'  e'nel  of 
the  re'cord  the'  ele'ctroek'  is  withdrawn  anel  the' t ransme'mbrane' 
potential  re'turns  to  zero. 


in  the  pigeon.  A differential  electrode  technique  allowed  an  isolation  of  response 
h’om  a limited  portion  of  the  caK-hlea. 

At  low  input  levels,  the  pigeon's  cochlear  microphonic  was  found  to  exhibit 
simple  linearity  as  a hinction  of  stimulus  strength.  The  low  level  cochlear  mi- 
crophonic also  exhibits  fidelity  with  respect  to  the  middle  ear  transfer  function 
as  a function  of  frequencj'.  At  high  input  levels  the  cochlear  mici’ophonic  be- 
comes nonlinear,  exhibiting  saturation  in  resixmse  to  sufficiently  intense  signals. 
At  higher  input  levels,  the  pigeon's  cochlear  microphonic  shows  a prominent 
nonlinearity  centered  at  the  characteristic  frequency  of  the  electrodes. 


'i'hese  behaviors  are  largely  consistent  with  the  maminalian  cochlear  micro- 
phonic; however,  within  the  context  of  avian  auditory  function,  one  facet  of  these 
results  is  particularly  surprising.  Generally  it  is  assumed  that  cochlear  and 
retrocochlear  sensitivity  is  determined  by  the  middle  ear.  As  expected,  the 
cochlear  microphonic  measured  in  this  study  reflects  the  avian  middle  ear  prop- 
erties. According  to  other  studies,  however,  behavioral  and  neural  frequency 
response  functions  of  the  pigeon  are  inordinately  insensitive  at  low  freciuencies. 

It  is  probaljly  not  coincidental  tliat  the  apex  (the  low  frequency  region)  of  the 
avian  cochlea  consists  exclusively  of  a primitive  type  of  hair  cell,  the  so-called 
"tall  hair  cell"  whereas  the  basal  avian  cochlea  through  evolution  has  added  a 
second  type  of  receptor  cell,  the  "short  hair  cell".  It  is  suggested  that  those 
avian  receptor  cells  which  transduce  low  frequency  stimuli  (tall  hair  cells)  are 
physiologically  less  sensitive  than  short  hair  cells. 

Although  there  are  also  two  px>pulations  of  hair  cells  in  tlie  majnmalian 
cochlea,  their  distribution  pattern  has  precluded  their  functional  separation  in 
the  normal  animal.  As  discussed  above,  the  unique  distribution  pattern  of  hair 
cells  in  the  bird's  cochlea,  in  correlation  with  neural,  behavioral  and  cochlear 
electrophysiological  data,  makes  such  a separation  at  least  tenable  in  the  pi- 
geon. The  general  implication  is  that  morphological  differences  in  hair  cells 
probably  underlie  a functional  dualism  in  the  mammalian  cochlea  as  well.  This 
latter  conclusion  is  quite  important  to  an  understanding  of  those  disorders  of 
hearing  in  man,  in  which  one  population  of  hair  cells  is  inordinately  degenerated. 
Such  disorders  include  noise-induced  hearing  loss,  drug- induced  hearing  loss, 
presbycusis  (loss  of  hearing  with  advancing  age),  or  the  effects  of  ionizing 
radiation. 
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DOPAMINE  MIMICRY  AND  MODULATION  OF  L7  GILL  MOVEMENTS  IN 
APLYSIA 


pMtK.ui.il  Invi.'stiqdtors  J.  PP.  Swann,  C.  N.  Sinback  and  D.  O.  Carpenter 

Dopamine  has  been  reported  in  hi^;h  concentrations  in  Aplysia  Rill.^  Kx- 
periments  were  undertaken  to  investigate  a physiological  role  for  tliis  putati\  e 
neurotransmitter  in  the  gill.  In  10  isolated  gill  preparations  the  parietovisceral 
ganglion  was  removed  and  the  gill  was  infused  with  dopiinune.  The  parietovis- 
ceral ganglion  was  removed  to  avoid  centrally  mediated  responses  to  dopamine. 
In  all  preparations,  dopamine  produced  contractions  of  efferent  vessel  tinnklets 
(the  vessels  between  the  distal  ends  of  the  pinnules  and  efferent  vessel)  rmd  pin- 
nule longitudinal  muscles.  In  eight  isolated  gill  preparations,  the  threshold 
concentration  of  dopamine  was  10“^  to  10”^'  M.  In  the  remaming  preparations, 
higher  concentrations  up  to  lt)~*  M were  required.  In  semi-inUict  preparations 
of  gill  plus  parietovisceral  ganglion,  increased  spiking  of  L7  produced  efferent 
vessel  ti*unklet  and  pinnule  longitudinal  muscle  contractions  identical  to  tliose 
induced  by  dopamine.  In  a third  experimental  protocol,  semi-inLu  t [mepara- 
tions  were  used  in  which  the  parietovisceral  ganglion  was  isolated  during  infu- 
sion of  the  gill  with  dopamine.  In  15  such  preparations,  dopmnine  at  to 
M produced  identical  conh’actions  as  in  the  isolated  gill  preparations  In 
all  preparations,  firing  of  L7  during  infusion  of  dopamine  at  threshold  concen- 
trations or  higher  potentiated  the  responsiveness  of  the  gill  to  1,7,  as  compared 
to  1,7  gill  conti’actions  before  and  after  dopamine  infusion.  These  results  show 
that  dopamine  can  modulate  the  responsiveness  of  the  gill  to  1.7  and  is  consist- 
ent with  a possible  role  for  dopamine  as  the  neurotrtmsmitter  lor  1.7.  The  dis- 
covery of  a dopamine  synapse  would  lead  to  a detailed  neurophysiological  exam- 
ination of  the  functioning  of  dopamine  as  a neurotransmitter.  The  clinical  impli- 
cations of  such  knowledge  are  suggested  by  the  suspectetl  role  of  doiximine  in 
such  neural  disorders  as  j)arkinsonism. 
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ORGANIZATION  OF  RECEPTORS  FOR  NEUROTRANSMITTERS  ON 
APLYSIA  NEURONS 


Principal  Invnstigatrrrs  J W.  Swann  and  D.  O.  Carpenter 

The  application  of  acetylcholine  to  neurons  of  Aplvsia  has  shown  the  exist- 
ence of  three  different  responses,  mediated  by  conductance  increases  to  Na^, 
Cl~  and  respectively.  These  neurons  also  have  receptors  for  various  other 
putative  neurotransmitters,  including  serotonin,  dopamine,  octopamine,  phenyl- 
ethanolamine,  y-aminobutj'ric  acid,  glutamic  acid,  aspartic  acid  and  histamine. 
W ith  one  possible  exception  there  are  at  least  three  types  of  responses  to  each 
of  these  substances  resulting  from  conductance  inci'eases  to  Na  ',  Cl~  and  K , 
respectively.  These  facts  suggest  that  specific  receptors  (neuro transmitter- 
binding sites)  and  ionophores  for  Na\  Cl”  and  might  be  building  blcK-ks 
which  can  be  assembled  in  any  combination.  If  so,  there  should  be  common 
properties  of  the  receptors  for  one  transmitter  mediating  the  three  different 
ionic  responses,  as  well  as  similarities  in  the  responses  to  different  transmit- 
ters when  the  conductance  change  is  to  the  same  ion. 

We  have  studied  the  responses  to  dopamine  on  Aplysia  neurons.^  Figure  11 
shows  examples  of  the  three  different  conductajice  increase  responses  to  dop- 
amine. Each  of  these  three  neurons  was  studied  with  iontophoretic  electrodes 
containing  noradrenaline,  octopamine  and  phenylethanolamine  in  addition  to  dop- 
amine. Figure  41 A shows  a neuron  with  a Na  conductance  increase  resjjonse 
to  dopamine  while  the  responses  in  B and  C are  due  to  CT"  and  K’  , respect ivel\  . 
Thus,  as  for  acetylcholine,  at  least  three  different  ionic  responses  to  dopamine 
were  found.  Furthermore,  for  each  response  the  receptors  were  also  sensitive 
to  noradrenaline  and  adrenaline,  but  not  to  octopamine,  tyraiuine  or  phe?n  leth- 
anolamine.  Cross-desensitization  experiments  show  that  the  active  substances 
are  all  acting  on  one  receptor.  The  same  ionic  response  had  similar  time 
courses  and  temperature  sensitivities  whether  elicited  by  dopamine  or 
acetylcholine. 

Our  observation  that  the  various  phenylethylamines  have  similar  relative 
effectiveness  in  activating  the  three  dopamine  responses  is  consistent  with  the 
view  tliat  the  dopamine  binding  site  is  identical  irrespective  of  the  conductance 
change  elicited.  The  similarities  in  time  course,  temperature  sensitivity  and 
ionic  selectivity  of  responses  resulting  from  similar  ionic  conductances  but 
activation  of  i-eceptors  to  different  tr:uismitters  suggest  that  tliese  properties 
are  characteristic  of  common  ionophores.  An  understanding  of  the  orgamzation 
of  rec  eptors  is  essential  to  development  of  treatment  througli  receptor  olocking 
drugs  of  radiation- induced  injury  to  the  nervous  system,  esix-cially  in  the  case 
of  early  transient  incapacitation  which  results  from  histamine  release. 


142 


A) 


Na*free  SW 


1 


DA  ^ 
1000  nC 


2) 


NA 

1 2000  nC 


3) 


DA 

I 1000  nC 


B)  1) 


2) 


3)  Cl'free  SW 


DA 

! 1000  nC 


NA 

I 2000  nC 


DA 

1000  nC 


C)  1) 


DA 

500  nC 


NA 

1000  nC 


I 


10  mV 


3)  Cl'  free  SW 


DA 

500  nC 


tacondi 


Figure  41.  Effects  of  iontophoretic  application  of  dopamine  and  noradren- 
aline on  three  different  unidentified  neurons  from  the  abdominal 
(A  and  H)  and  cerebral  (C)  ganglia.  The  upper  recording  in  each 
trace  is  from  the  intracellular  micropi()ette,  whereas  the  lower 
trace  show's  the  duration  of  the  iontophoretic  pulse.  The  total 
charge  passed  by  iontophoresis  is  indicated  near  the  pulse.  In 
A.'i  the  ganglion  was  perfused  W'ith  seawater  where  Na'  was  re- 
placed by  Tris^ , whereas  in  B3  and  C3,  all  Cl”  was  reiilaced  by 
acetate.  The  time  calibration  applies  as  shown  only  to  A and  B. 
In  C the  time  base  is  slower  by  a factor  of  2.  DA,  dopamine; 

NA,  noradrenaline. 
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DEPLETION  OF  CARDIAC  NOREPINEPHRINE  DURING  TWO  FORMS  OF 
HEMOLYTIC  ANEMIA  IN  THE  RAT 


Prini;ip,il  lnv«stii)dtors  J.  Swann,  AFRFU; and  J.  F.  Contrera, 

University  of  Maryland 

Knowledge  of  the  status  of  eardiac  norepinephrine  during  anemia  could 
lead  to  a better  understanding  of  the  role  the  sympathetic  nervous  system 
plays  in  cardiac  function  during  anemia.  Rats  were  treated  with  phenylhy- 
drazine.  Following  the  rapid  onset  of  anemia,  there  was  a loss  of  GO  percent 
of  the  stored  norepinephrine  in  the  heart  within  48  hours  of  treatment.  Asso- 
ciated with  the  loss  of  cardiac  norepinephrine  was  an  increase  in  the  wet 
weight  of  the  heart,  reaching  40  percent  above  control  48  hours  after  treat- 
ment (Figure  42).^  Phenylhydrazine  itself  probably  does  not  directly  mediate 
this  depletion  since  the  vas  deferens,  brain  and  spleen  have  a normal  store 
of  norepinephrine  at  48  hours.  This  contention  was  supported  when  rats 
treated  with  phenylhydrazine  were  transfused  with  normal  rat  red  blood  cells. 
This  transfusion  resulted  in  nonanemic  phenylhydrazine  treated  rats.  The 
hearts  of  these  rats  were  not  depleted  of  norepinephrine,  but  the  hearts  of  the 
nontransfused  phenylhydrazine  treated  controls  were.  .Anemia  was  also  in- 
duced by  treating  rats  with  antirat  red  blood  cell  serum.  The  hearts  of  these 
rats  were  also  depleted  of  norepinephrine.  These  experiments  show  that  dur- 
ing two  forms  of  anemia  there  is  a loss  of  norepinephrine  from  the  sympathetic 
neurons  innervating  the  heart.  The  mechanism  underlying  this  loss  of  norepi- 
nephrine was  studied  using  the  experimentally  induced  immune  anemia.  Re- 
sults are  consistent  with  a decrease  in  the  affinity  of  the  cardial  s>Tnpathetic 
nerve  terminal  for  norepinephrine  combined  with  an  increase  in  the  rate  of 
release  of  norepinephrine.  The  physiological  implications  of  a partial  loss 
of  norepinc'phrine  from  cardial  sympathetic  nerve  terminals  remains  to  be 
determined.  However,  an  understanding  of  how  anemia  alters  cardiac  func- 
tion control  by  the  ncmcous  system  is  critical  in  development  of  a total  treat- 
ment of  the  anemic  patient. 
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Figure  42.  Effect  of  phenylhydrazine  on  blood  hemoglobin  (IHn,  cardiac 
norepinephrine  (NE),  and  heart  weight.  Data  are  from  two 
sets  of  experiments  on  groups  of  rats  treated  with  phenyl- 
hydrazine (125  mg/kg)  at  various  times  before  they  were 
euthanatized.  Results  are  expressed  as  percent  of  control, 
mean  t The  0-hour  groups,  which  are  the  control 

groups,  were  not  so  treated.  cirele,  square,  or  hexagon 
identifies  data  for  groups  of  animals  from  one  experiment. 

For  its  control  Hb  15.  5 i 0.  32  g^lOO  ml;  NK  = 0.  502  i 0.  03 
yg/heart;  and  wet  cardiac  weight  = 1.  104  + 0.04  g.  The  other 
symbols  represent  data  for  the  second  experiment;  control 
group  Hb  - 10.  5 t 0.  03  g/100  ml;  NK  = 0.  502  i 0.  03  ug  'heart ; 
and  wet  weight  - 1.  054  i 0.  027.  N - 5-7  for  each  point. 
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THE  ELECTRICAL  RESISTIVITY  OF  AQUEOUS  CYTOPLASM 

PfuU'ip<jl  Inviisli'td'ors  K.  R.  Foster,  J.  M.  Bidinger  and  D.  O.  Carpenter 

111  order  to  determine  the  structure  of  cellular  water  in  biologic  systems, 
the  apparent  cytoplasmic  resistiviW  of  two  different  t>iant  cells  has  lieen  meas- 
ured using  an  extension  of  a previously  developed  single  microelecti’ode  tech- 
nique.^ Each  cell  is  penetrated  by  a metal  microelectrode  whose  complex  im- 
pedance is  measured  as  a function  of  freciuency  between  500  kHz  and  5.7  MHz. 

By  plotting  the  measured  impedance  data  on  the  complex  ^ plane  and  extrapo- 
lating the  data  to  infinite  frequency,  the  substantial  effects  of  electrode  polar- 
ization can  be  overcome.  For  Aplysia  giant  neurons  and  muscle  fibers  of  the 
giant  barnacle,  the  extrapolated  c>loplasmic  specific  resistivities  are  10  and 
74  ohm-cm,  respectively,  at  infinite  frequency.  The  barnacle  data  are  in  ex- 
cellent agTeement  with  sarcoplasmic  resistivity  values  derived  from  the  meas- 
ured cable  properties  of  other  marine  organisms,  ;md  from  high  frequency  con- 
ductivity' cell  measurements  in  intact  barnacle  muscle  tissue  (Figare  43). 

The  imaginary'  comixmcnt  of  tlie  polarization  impedance  can  be  directly 
measured,  both  when  the  electi'ode  is  in  a known  electrolyte  solution  and  when 
it  is  in  a cell.  In  the  Aplysia  neurons,  the  frequency-dependent  part  of  the 
electi’ode  impedance  is  larger  when  the  electi’ode  is  in  a cell  than  when  it  is 
in  an  electrolyte  solution  with  the  same  specific  resistivity  as  the  aqueous  cyto- 
plasm; however,  the  phase  angle  of  the  freiiuency-dependent  comfxment  of  the 
electrode  impedance  is  the  same  in  both  cases.  The  high  apparent  values  of 
cytoplasmic  resistivity'  found  using  the  single  microelectrode  technique  at  lower 
frequencies  probably  result  from  interaction  of  intracellular  membranes  with 
the  microelectrode  surface,  and  probably  reflect  an  artifact  caused  by  a reduc- 
tion of  the  effective  surface  area  of  tlie  clectrcxle,  with  a corresponding  increase 
in  its  polarization  impedrmce.  It  has  been  suggested  that  some  effects  of  ion- 
izing radiation  might  be  through  mobilization  of  bound  water.  These  experi- 
ments have  shown  no  ei  idence  for  bound  water,  and  thus  it  is  unli]<ely  that  such 
a mechanism  is  significant. 
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Figiire  43.  A typical  set  of  expc-rimcntal  data  from  a single  muscle  fiber 
of  the  barnacle.  'J'hc  complex  elerti-ode  impedance  i.s  .shown 
as  a function  of  frequency,  when  it  is  in  calibrating  solutions 
of  KC’l  and  aftei’  it  has  penetrated  tlu'  eell.  The  measunmient 
freqiu'ncic's  range  from  0.  .5  to  5.7  MHz,  in  ('qual  logarithmic 
steps.  Tlu'  frequency -deptmdent  part  of  th('  measured  imped- 
ance arises  from  electrode'  polarization,  both  when  the  elc'c- 
trode  is  in  the  electrolyte  and  (apparently)  when  it  is  in  the 
cell.  'I'he  fre((uenc'y-inde))cndeitt  comi)onenl  of  the  electrode 
im|K'dance  Hj.pp  is  proi)ort  ional  to  the  solution  I'C'sist  i\ ity  p 
(inset).  'Ibis  ('ell  has  an  apparent  sarco))lasmic  resistivity 
of  lltt  ohm-cm,  at  20'H'. 
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THE  LOW  APPARENT  PERMITTIVITY  OF  ADSORBED  WATER  IN 
SYNTHETIC  ZEOLITES 


Prim  iptil  lnvesiii|citois  K.  R.  Foster,  AFRRI; and  H.  A.  Resing, 

Nava!  Research  Laboratory 

Recent  nuclear  mafjnetic  resonance  studies  have  shown  that  the  intersti- 
tial water  in  synthetic  zeolites  is  in  many  respects  similar  to  the  normal  fluid. 
We  have  measured  the  dielectric  permittivity  of  hydrated  zeolites  NiiX  and 
NaY  (Linde)  over  the  frequency  ran^e  1-150  MHz,  and  estimate  that  the  ap- 
parent dielectric  constant  of  this  interstitial  water  is  less  tlum  14  (NaX)  or 
21  (NaY).  Apparently,  tMs  is  an  extreme  example  of  tlie  well-known  ability 
of  ions  to  depress  the  dielectric  constant  of  water.  In  effect,  we  have  extended 
previous  studies  on  the  dielectric  permittivity  of  concentrated  electi’olyte  solu- 
tions to  the  very  high  concentrations  (c.  18  M)  of  mobile  Na"’"  ions  present  in 
the  hydrated  crystals. 

The  comix)sition  of  zeolites  NaX  and  NaY  are  described  by  the  formulas: 

[ (^^1  02)86  (Si  02)iog  ] * 264  1(20  (N;u\) 

Na-,,;  [ (Al()2)5f;  (Si02)i3(;  ] • 264  II2O  (NaY). 

Their  crystal  stioicture  consists  of  an  open  frmnework  of  aluminate  and  silicate 
tetrahedra  enclosing  interstitial  voids  of  approximately  13  A diameter.  Nega- 

1 ' ^'4  ^ 

tivc  charges  in  the  lattice  resulting  from  the  substitution  of  Si  by  Al'‘  reside 
on  lattice  oxygen  atoms,  and  are  neutralized  by  Na'*'  counterions  which,  in  the 
fully  hydrated  cryshil,  float  about  in  the  interstitial  voids. 

Samples  of  zeolites  NaX  and  NaY  were  hydrated  over  saturated  aqueous 
solutions  of  NaCl  and  packed  by  hand  into  the  cup-shaped  neutral  terminal  of 
a dielecti’ic  cell.  The  cell  was  designed  to  permit  the  sample  to  be  removed 
without  disturbing  the  powder.  Capacitimce  measurements  were  performed 
with  a Rooton  R-X  meter  and  a Wa\nie-Kerr  model  601  impedance  lu’idge,  and 
corrected  for  the  low  residual  inductajice  in  the  system.  Samples  were  deliy- 
drated  Ijy  lieating  to  lOO^C  under  a vacuum  of  10“^  mm  of  Hg.  The  water  con- 
tent of  the  hydrated  samples,  as  measured  by  weight  loss  during  dehydration, 
agreed  well  with  values  calculated  from  the  formulas  given  above. 

Figure  14  sliows  Die  measured  permittiviW  ( 6')  of  the  hydrated  ;md  dehy- 
drated sampK"^.  I5('cause  ol  the  lower  powder  densit\  employed  in  tins  siu(l\ 
(0.77  versus  1,1!)  g cm'’i,  the  observed  permittivities  of  NaX  below  3 MR/ 
are  smaller  by  a factor  of  about  1.8  than  those  measured  by  another  investi- 
gator (R.  A.  Schoonheydt,  jx-rsonal  communication).  The  increase  in  permit- 
tivity at  low  fretiuencies  is  due  to  sample  heterogeneity  (the  M;txwcll- Wagner 
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effect)  and  to  the  forniatfon  of  electric  dipoles  by  association  Ijctwecn  tlic  moljile 
cations  and  the  fL\ed  juiions  in  tlie  lattice.  From  the  nuclear  magnetic  resonance 
data,  the  water  dipolar  absorption  in  NaX  oexurs  at  substimtiallv  hif;her  freciuen- 
cies  than  these  other  effects,  at  least  at  room  temperature.  This  is  evidently 
not  tlic  case  with  XaY. 


Figure  44.  The  observed  permittivities  F')  of  zeolittvs  N'aX  and  XaY 
at  29S°K 


The  water  dipolar  al)sorption  is  surprisingly  weak.  The  maximum  ix)ssibk- 
change  in  permittivitv  resulting  from  this  presinued  disiiersion  is  the  difference 
between  flic  permittivities  of  the  hydrated  and  dchvdratcd  samples,  maisun'd 
at  too  or  150  Mliz.  From  these  data,  it  is  pr)ssiblc  to  estimate  the  m:L\imuin 
apparent  permittis  itv'  of  the  interstitial  water.  We  assume  that  the  sijceifii  po- 
larization, p,  of  the  sajuple  is  a<lditive; 

1’  'water  I\vater  ' ' latliet  t^lattue 

uhere  \\vater  'lattice  Iraelion  of  water  or  ol  <lr\  /eolite  in  llie 

powder.  We  also  assume  that  the  specific  polari/ation  is  related  to  the  p(  i iini- 
tivity  l)y  the  Kirkwoexf  exi)ressiom 

I)  - ( ^ - 1 ) (2  '' ' i 1 ) / !)  ^: ' . 
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Although  this  formula  is  essentially  empirical,  it  has  been  successfuliy  used  in 
other  studies  of  adsorbed  molecules;  and  it  predicts  a bulk  permittivih'  of  0.3 
for  dehydrated  zeolite  NaX,  in  good  agreement  with  other  estimates.^ 

We  find  the  maximum  apparent  permittivity  of  the  interstitial  water  in  NaX 
to  be  about  14  at  298°K  and  (usmg  the  data  from  Jansen^  al)oiil  23  at  220‘^K. 
Assuming  that  the  Na'  cations  are  more  strongl,\’  hydi’ateci  tl);ui  either  tlie  lattiei' 
©"charges  (in  the  zeolite)  or  the  simple  anions  (in  bulk  solutionl,  our  results 
can  be  compared  to  previous  measurements  of  tlie  permittivity  of  eoneentrated 
NaCl  aqueous  solutions.  While  extensive  association  between  tlie  lattice  of  ('■■ 
ions  and  the  counterions  undoubtedly  is  present  m the  fully  hydrated  crystal,  we 
still  expect  most  of  the  interstitial  water  molecules  hi  be  located  in  the  primarx 
hydration  spheres  of  one  of  these  two  ion  species.  Our  results  show  that  these 
water  dipoles  are  "immobilized"  (i.e. , aligned  liy  local  fields  within  tlie  crysUili, 
yet  have  rotational  and  translational  "mobilities",  estimated  from  the  nuclear 
magnetic  resonance  data,  similar  to  molecules  in  the  bulk  phase.  An  under- 
standing of  the  structure  of  water  in  both  biologic  and  model  systems  is  essen- 
tial to  an  understanding  of  how  it  is  manipulated  by  \ arious  forms  of  electro- 
magnetic radiation. 
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EFFECT  OF  DIMETHYLSULFOXIDE  ON  THE  DIELECTRIC 
PROPERTIES  OF  CANINE  KIDNEY  TISSUE 

Principal  Invostiija'ors  K R.  Foster,  AFRRI;  R.  T.  Bell  III.  R Whittington 
and  B,  Denysyk.  Nava!  Medical  Research  Institute 

One  major  difficulty  with  attcnijits  to  prolong  the  vialiilit'  of  solid  organs 
by  freezing  is  the  need  to  tlinw  the  tissue  rapidlv  and  nniloriiily  after  storage.  ' 

An  attractive  approach,  using  a commercial  microwave  <i\x  n o)icrating  at 
2450  or  915  MHz,  has  had  onlx  limited  success,  iiartiallv  because  of  the  non- 
uniform  heating  pattern  produced  Iiv  the  microwave  field 
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To  asceiTain  tlie  probable  effect  of  a eomnionly  used  cryoprotective  agent, 
dLmetliylsulfoxide,  on  tlie  eleetromagnetic  heating  px’ocess,  we  measured  the 
conductivity  ;uid  permittivity  of  canine  kidney  tissue  over  the  temperature 
raixge  -2(>oc  to  i20°C,  and  over  the  frequency  range  3 to  900  MHz. 

Kidneys,  weighing  00  to  80  g,  were  removed  from  adult  male  mongrel  dogs 
by  laparotomy  incision.  Anestliesia  was  induced  with  sodium  pentobarbital  and 
later  maintained  witli  a mixture  of  halothane,  nitrous  oxide  and  oxygen.  The 
surgical  procedures  were  done  in  comiection  with  an  immunological  study  on 
renal  rejection,  requiring  autotiams plantation  of  one  kidney  and  removal  of  the 
contralateral  organ.  The  removed  kidneys  were  perfused  eitlier  w’ith  canine 
plasma  on  a Belzcr  perfusion  apparatus  or  wTth  gravity- infused  physiological 
saline,  and  then  stored  at  -lO^C  in  a standard  freezer  until  experimentally  used. 
Samples  of  tlie  dimethvlsultoxide-perfused  tissue  were  analyzed  by  tritium  la- 
beled distritjutiou  studies  to  verify  that  the  dimethylsulfoxide  had  uniformly'  pen-  , 
etr’ated  tlie  tissue.  Samixles  of  approximately  1 cm'^  volume  were  removed  from 
the  cortex  and  jiieiiulla,  ;aid  pac!-;ed  into  a stamless  steel  and  Teflon  dielectric 
cell  eonstincted  Irom  a length  of  30-olim  coaxial  air  line,  as  described  else- 
where.^ Tlie  sample  temperature  was  controlled  to  within  l‘’C  by  delivering 
cold  nitrogen  gas  through  a coiuxial  jacket  surrounding  the  cell.  Measurements 
over  the  fre<iuencv  range  of  3- iOO  xMllz  were  performed  using  a Booton  U-X 
meter  ;uk1  a \\'a\  iU‘-Kcrr  model  80]  admittruice  bi’idge. 

For  our  purposes,  the  most  usefvil  parameter  is  the  s}X,'cific  conduc- 
tivit\  , a,  of  tlie  tissue.  Figure  15A  shows  the  conductivity  at  10  MHz  of 
diniethylsulfoxide-perfused  and  saline-perlused  organs.  Each  point  represents 
the  a\eragc-  <jf  six  measurements  on  three  dimethylsulfoxide-perfused  organs, 
or  of  four  measurements  on  two  saline-perfused  kidneys.  The  standard  error 
of  Uie  mean  is  approximately  23  (lerccnt  except  at  -20°C,  when  it  increases  to 
nearly  liKi  percent  because  of  the  lower  \ alues  of  a.  At -20”C,  dimethylsulf- 
oxidc  increases  the  conducti\itv  of  the  tissue  by  nearly  fivefold;  at  20‘^’C, 
it  decreases  the  conducti\ity  liy'  10  ix3rcent.  These  effects  arc  obser\ed 
in  dimetlivlsulfoxide-saline  solutions  as  well  (Figvire  loB).  The  tissue  coiuluc- 
tivit\  at  temiieratiu'cs  below  -in‘’C  w’as  consfcmt  o\  er  the  frcxjucncy  range  of  3 
to  .Jin'  MHz,  and  tliat  of  the  thawed  tissue  increased  Bvofold  (saline-perfused) 

U)  fourfold  (dimethylsulfoxule-iierfusedi,  from  3 to  900  MH/,.  At  900  !\HI/,  the 
conuiK  ti\  ities  of  the  (limethvlsulfoxide-perfusctl  and  saline-i'cr fused  'uygans  ai'c 
roughly  the  same.  1 limethy  Isull'oxide  significantlr  reduced  the  change  in  the  <.li- 
electi'ii  properties  o|  the  tissues  as  it  was  thawed. 

Ibilortunalcb',  v.c  cannot  rcalisticalb  calculate  the  diidcctric  luxilin.:,  >>t  ,i 
parli.ilK  thawed  ergan  irradiated  fi\  a m ic  rou  a\  c m cn.  llowtacig  dilailcO  cal- 
culations, assuming  i onccntri<  tissue  spheres  whose  diidectric  proixrtK'.-  are 
charm  tei  istic  of  frozen  and  thawed  tissue  irradiated  with  plane  i Icctromagnetic 
Wa\cs.  show  that  the  grcatc  M nonuniforniitv  in  the  dissifiated  power  oicurs  at 
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the  interface  between  the  two  sections.  This  nonuniformity  results  from  the 
mathematical  boundary  condition  that  the  tangential  compomait  of  the  electric 
field,  be  continuous  across  the  interface  Ix’tween  the  tliawcd  and  frozen 
sections.  'I'lie  jxnver  deixisited  l)y  tliis  field  comix^nent  is  proportional  toab(-“. 
To  improve  the  uniformity  of  tiie  heatinj;,  it  therefoi-c  appears  most  important 
to  reduce  the  difference  in  the  conducth  ities  between  the  ''frozen"  and  tlie 
"thawed"  tissue.  Since  the  conductivity  of  the  "thawed"  tissue  rises  more 
quickly  with  freiiuency  tlum  tliat  of  the  "frozen"  tissue  aljove  100  Mllz,  our 
data  su;^^est  that  more  uniform  heatins  mip,ht  be  olitained  usins  fretiuencies 
lower  than  915  or  2150  MHz. 
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riRurc  45.  A.  The  specific  conductivity  (a)  of  saline-  and  DMSO- 
pcrfuscd  canine  kidney  tissue  as  a function  of  tempera- 
ture. The  conduct  i\  ities  of  cortical  and  medullary  tis- 
sues were  the  same  to  within  daia  reproducnbil ity  and 
are  included  toiti  ther.  't  he  S.  !..  M.  for  the'  daltt  at  -20^( 
is  indicated;  tlu‘  remaining  data  at  liipher  t I'miieratures 
have  somewhat  smaller  rela' i\-c  uncertaint  ies.  lb  Tht' 
specific  conducti\  ity  of  0.  15  N NaCl  and  0.  15  N Nat'l-l*t 
percimt  diniethy Isulfoxidi  (HMSO)  mixtures  (v  vi  as  a 
function  of  tempi,  rature.  I'hc  sindlaritv  between  and 
It  shows  that  the  DMoO-indin  < i itamcase  in  the  conduc- 
tivity of  frozen  tissue  i i-suhs  from  a colliftativi  property 
of  the  DMSO-electroly  te  solution. 
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Our  results  show  a significant  effect  of  the  cryoprotectant  dimethylsulfoxide 
on  the  conductivity  of  canine  kidney  tissue.  Presumably,  this  will  substantially 
improve  the  microwave  heating  pattemi  in  frozen  tissues.  This  effect,  in  addi- 
tion to  pharmacological  considerations,  should  be  a factor  in  the  choice  of  a 
cryoprotective  agent  for  solid  organs  which  are  to  be  thawed  by  radiofrequency 
or  microwave  irradiation. 
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PROPERTIES  OF  WATER  IN  REVERSED  MICELLES.  A NUCLEAR 
MAGNETIC  RESONANCE  STUDY 

Pnncifidl  Invf.'StiijdtofS  M.  J.  McCreery,  AFRRI;  H.  J.  C.  Yeh,  National 
Institutes  of  Health; and  D.  O.  Carpenter,  AFRRI 

The  microscopic  environment  of  ions  and  water  at  the  membrane  water 
interface  is  of  great  importance  in  understanding  membrane  plienomena.  While 
it  is  generally  accepted  that  the  charged  surface  of  the  membrane  imparts  some 
order  to  water  and  counterions  adjacent  to  the  interface,  there  is  little  agree- 
ment over  not  only  the  rigidity  of  this  order,  but  also  the  distance  that  it  extends 
into  the  aqueous  media.  A study  was  undertal^en  to  investigate  the  properties  of 
intcrfacial  water  via  high  resolution  nuclear  magnetic  resonance,  utilizing  a 
simple  model  system.  Reversed  micelles  formed  by  the  surfacLint  .\crosol-OT 
in  a nonj)olar  solvent  can  trap  jxwls  of  water  whose  size  may  be  altercxl  l)v  \ ar\  - 
ing  the  'uatiT^  to  isurfaclantj  ratio  R.  l.inewidtiis  at  n.ilf-lieight  and  c'hcmic.ii 

(>*' tPa*  water  sienal  were  me;,  uredlroni  speetr;-  reeorded  on  a \ a rian  1 1.A- 1 no 
nuclear  nuignetic  resonance  spectrometer  equipped  with  a temperature  controller 
(Fignrc  16).  C’alculations  of  the  spin-spin  rcLuxation  time  To,  ol)tained  from 
linewidth  data  (Figrire  17),  .suggest  that  the  rotational  mobilitv  of  the  water  with- 
in these  trapjK'd  jx)ols  is  similar  to  that  of  ’nnilk"  water  until  tl'.e  pools  are  a))- 
proxim.'iteh  2.5  .\  in  diameter.  .Micelles  of  smaller  diameter  exhibit  a nuirked 
decrease  in  water  mobility.  The  wati'r  in  at  least  this  model  system,  therefore, 
does  not  seem  to  be  structured  until  it  is  within  10  to  20  .\  of  the  negatively 
charged  interface. 
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Fi^ire  4(1.  Chemical  shift  (T)  of  the  Ii20  protons  as  a function  of 
^Il20]/[ surfactant]  ratio  (R>  as  measured  on  a Varian 
IlA-100  nuclear  magnetic  resonance  (NMR)  spectrometer 
at  30°  t 1°C.  The  was  held  constant  at  1 M while 

the  L surfactant]  was  altered  to  vary  IT  is  expressed 

relative  to  the  chemical  shift  of  the  methylene  protons  on 
octane. 
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f'igurc  47. 

Spin-spin  relaxation  (T2)  of  H2O  protons  as  a function  of 
[ H2O]  /[  surfactant J ratio  (R)  at  30°  + 1°C.  [ H2O]  was 
held  constant  at  1 M.  T2's  were  calculated  from  line- 
widths  measured  at  half-height. 
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Further  experimentation  using  the  nuclear  magnetic  resonance  method  of 
Creekmore  and  Keilley^  has  yielded  an  estimation  of  the  hydration  number  for 
sodium  ions  in  the  water  phase  of  these  aggregates.  Each  of  these  ions  is  thus 
hydi’ated  by  an  average  of  1.0  water  molecule  at  R = 5.0  to  0.  (i  water  molecule 
at  R 0.8,  considerably  lower  than  the  hydration  number  of  1.5  for  sodium  ion 
in  ’Tnilk"  solution.  These  results  imply  "ion-pairing"  between  sodium  ions  and 
tlic  negatively  charged  sulphonate  at  the  water-surfactant  interface.  Since  ion- 
pairing is  a form  of  ion  binding,  this  model  system  is  one  which  can  provide 
valuable  information  for  ion-water  interactions  and  alterations  of  their  normal 
interactions  by  radiation. 
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EFFECTS  OF  ESERINE  AND  NEOSTIGMINE  ON  THE  INTERACTION  OF 
a BUNGAROTOXIN  WITH  APLYSIA  ACETYLCHOLINE  RECEPTORS 

f’ltn.  ip.il  D O.  Carpenter,  AFRRI;  L.  A.  Greene,  National 

Institutes  of  Health;  W.  C.  Shain,  Jr.,  AFRFtI; and 
Z.  Vogel,  National  Institutes  of  Health 

In  an  effort  to  determine'  how  several  clinically  useful  drugs  interact  with 
acetylcholine  receptors,  we  have  studied  their  interaction  with  o-bungarotoxin 
t)inding  sites. ^ Binding  of  ev-bungarotoxin  to  acetylcholine  receptors  of  a 
ganglionic  homogenate  of  the  marine  mollusc  .Aplysia  is  blocker!  by  the  anti- 
cholinesterases esenne  (Ir,,,  4 x 10“'*  M)  and  neostigmine  (Ij^q  -=  2 x Mt. 

I he  classical  acetylcholine  antagonist  fl-tubocurarine  blocks  with  an  I50  = 2 
\ 10'  * M.  Escritu'  5.4  x 10'*'  M)  and  neostigmine  (I^q  = > 10~^  M)  also 

bloc'k  toxin  binding  to  a solubilized  receptor  preparation.  I'nlike  thc'ir  relative 
potency  in  blocking  toxin  binding,  ncostigmiiu'  is  a more  potent  inhibitor  of 
\|dysia  ac(  I vicholinc'sterasc'  |l_r,o  - 1.4  x 10"'^  M)  than  is  eserine  (150  - 2.5 
X 10"'  M).  o-Bungarotoxin  does  not  affect  esterase  activity  or  interfere  with 
the  a!)ilit\'  of  eserine  to  block  tlu-  esterase.  The  response  to  acetylcholiiK'  re- 
corried  through  intraci  llular  microelectrodes  is  blocked  by  ft-bungarotoxin. 
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Neither  eserine  nor  neostigmine  blocks  the  acetylcholine  response  but  rather 
prolongs  and  increases  it  as  expected  from  their  effects  on  the  esterase  (Figure 
48).  Eserine  (10"4  M)  blocks  the  cv-bungarotoxin  inhibition  of  the  physiologic 
acetylcholine  response.  These  results  indicate  that  eserine  and  neostigmine 
block  the  binding  of  ck-bungarotoxin  by  interacting  with  a site  which  is  different 
from  both  the  esterase  and  the  cholinergic  sites  of  the  acetylcholine  receptor. 
These  experiments  provide  further  information  on  the  mechanisms  of  action  of 
specific  components  of  snake  v'enoms.  Furthermore,  these  investigations  in- 
crease our  knowledge  of  the  normal  and  pathologic  bases  of  movement  and  co- 
ordination in  higher  animals  and  man,  and  how  these  are  affected  by  various 
drugs,  since  all  movement  in  vertebrates  is  mediated  through  acetylcholine 
receptors  similar  to  those  described  here. 
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Figure  48.  Interactions  of  o-bungarotoxin  (aBT) with  eserine  and  neostigmine  on 
the  response  to  iontophoretic  acetylcholine,  recorded  from  an  un- 
identified neuron  in  the  lower  left  quadrant  of  the  abdominal  ganglion 
of  Aplysia.  The  intracellular  recording  of  electrical  activity  is  shouTi 
in  the  upper  trace.  The  neuron  was  initially  spontaneously  active  but 
became  silent  with  time.  The  second  trace  indicates  the  duration  of 
the  iontophoretic  pulse.  The  total  charge  passed  is  different  for  rec- 
ords A,  B and  C and  the  amount  is  indicated  in  column  1.  The  prepa- 
ration was  perfused  with  artificial  seawater  containing  100  mM  added 
MgS04  to  block  spontaneous  synaptic  transmission,  and  drugs  were 
added  as  indicated.  All  records  were  taken  at  22° C . Record  .\-2 
shows  the  reduction  of  the  response  to  1000  nC  acetylcholine  observed 
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EFFECT  OF  CURARE  ON  RESPONSES  TO  DIFFERENT  PUTATIVE 
NEUROTRANSMITTERS  IN  APLYSIA 

Prim.ipal  InvestKjdfors  D.  O.  Carpenter,  J.  tV.  Swann  and  P.  J.  Yarowsky 

Aplysia  neurons  have  specific  receptors  for  acetylcholine,  dopamine, 
octopamine,  phenylethanolamine.  histamine,  gamma-aminobutyric  acid,  glu- 
tamic acid  and  aspartic  acid.  We  have  studied  the  effects  of  cuiaie  on  re- 
sponses resulting  from  iontophoretic  application  of  Ihesi'  pulalivc  ncurotrans- 
mitters  onto  Aplysia  neurons.^  F.ach  of  these  substances  may,  on  diffei'cmt 


Figure  4S  (continued). 

after  perfusion  for  10  min  ol  liigh  Dig  seawater^ contain- 
ing 2 mg/ml  bovine  sei-um  albumin  and  3.0  .\  10  M o- 
bungarotoxin.  A-3  shows  the  effect  ol  the  same  amount  of 
acetylcholine  given  after  30  nun  ol  washing  with  high  Mg 
seawater.  Record  A-l  shows  the  response  10  min  afR'r  be- 
ginning perfusion  with  seawatei’  in  which  all  Cl  was  i(.-- 
placed  by  acetate.  B-1  is  a smaller  control  respons.  before 
addition  of  eserine,  while  H-2  shows  the  effect  of  the  same 
amount  of  acetylcholine  lo  min  alter  addition  ot  10  M 
eserine.  cv-Rungai’oU>.\in  (3.0  .\  10  ’ M)  <-litl  not  allecl  this 
res[)onse  even  after  20  min.  After  the  eserine  effect  was  at 
least  partially  reversed  by  washing,  another  control  was 
taken  (G-1)  and  neostigmine  (10"'*  M)  was  added  (C'-2).  Jim 
facilitated  response  in  neostigmine  was  depressed  b\  3.0 
X lO”*’  M n-bungarolo.xin  (C-3).  Alter  washing  (C  - • i tlie 
blockade  was  reversible. 
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specific  neurons,  elicit  at  least  three  types  of  response,  caused  1)\  a fast  de- 
polarizing Na*^,  a fast  hyperpolarizing  Cl”  or  a slow  hvperpolarizing  K'  con- 
ductance increase.  All  responses  result ing  from  eith(>r  ,\’a'  or  Cl”  eonduet- 
tance  increases,  irrespective  of  which  putative  transmitter  activated  the  re- 
sponse, were  sensitive  to  curare.  Most  were  totally  blocked  by  <;  M 
curare  (Figure  49).  Ciamma-aminobutyric  acid  res)ionses  wei-c  less  sensitive 
and  were  often  only  depressed  by  .M  curare.  K confluctance  responses, 
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Figure  4!).  Curare  blockade  of  a depolarizing  histamine  response.  Fach 
upper  trace  shows  recording  from  an  unidentified  neuron  in 
the  lower  right  quadrant  of  the  cerebral  ganglion  (-3s  mV) 
while  the  lower  trace  indicates  the  pulse  of  200  nC  (upper  rec- 
ords) or  300  nC  (lower  records)  histamine.  The  lower  right 
records  also  show  the  constant  current  pulses  (><  x 10"^*^  .-V) 
used  to  monitor  membrane  resistance.  Curare  (d-TC)  was 
applied  for  5 min  at  10”'^  M,  and  the  rc'sjionse  recovery  was 
taken  following  a !•'>  min  wash  with  seawater.  J he  larger  re- 
sponse (below)  was  totally  blocked  after  a 15-min  perfusion 
witli  Tris'  (.\a'  free)  seawater.  .After  i")  min  of  wash  with 
normal  seawater,  the  histamine  res)ionse  has  rccoverc'd  with- 
out return  of  control  spik(>  generation,  and  under  these  circum- 
stances constant  curiamt  pulses  fail  to  demonstrate  a conductance 
choinge  during  the  response.  The  numibrane  did  not  show  recti- 
fication over  the  potential  spread  of  the  response'. 
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irrespective  of  the  transmitter,  were  not  curare  sensitive.  These  results  are 
consistent  with  a model  of  receptor  organization  in  which  one  neurotransmittcr 
receptor  may  be  associated  with  any  of  at  least  three  ionophores,  mediating 
conductance  increase  responses  to  Na“*^,  Cl'  and  PC*’,  respectively.  In  Aplysia 
nervous  tissue,  curare  appears  not  to  be  a specific  antagonist  for  the  nicotinic 
acetylcholine  receptor  but  rather  to  be  a specific  blocking  agent  for  a class  of 
receptor-activated  Na^  and  Cl~  responses.  In  addition,  the  presence  of  three 
different  kinds  of  ionic  response,  including  both  depolarizing  and  hyperpolar- 
izing  responses,  suggests  that  any  neurotransmitter,  at  least  in  Aplysia,  may 
be  either  excitatory  or  inhibitory.  This  conclusion  has  significance  in  under- 
standing a variety  of  human  diseases  in  which  synthesis  or  metabolism  of  one 
or  more  transmitters  is  abnormal,  such  as  Parkinson’s  disease,  various  cho- 
reas and  athetoses  and  possibly  some  mental  illnesses  such  as  schizophrenia. 
The  elucidation  of  the  mechanisms  whereby  histamine  affects  neurons  provides 
a basis  for  understanding  how  histamine,  released  from  mast  cells  by  ionizing 
radiation,  might  activate  receptors  on  muscle  or  cerebral  blood  vessels  to 
cause  early  transient  incapacitation  following  exposures  to  very  high  doses  of 
ionizing  radiation. 
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LOCALIZATION  OF  AND  SPECIFIC  RECEPTORS  FOR 
PHENYLETHANOLAMINE  IN  APLYSIA 

FMri(  ip,)l  lnv(>slu|<itots  J.  M.  Saavedra.  National  Institute  of  Mental  Health; 

J.  L.  Ribas,  J.  W.  Swann  and  D.  O.  Carpenter,  AFRR! 

VVe  have  attempted  to  document  a role  for  phenylethanolamine  as  a ncu- 
rot ransmitter.  I’henylethanolamine  was  detected  in  the  nervous  system  of 
Aplysia.  Phenylethanolamine  was  assayed  by  an  enzymatic-isotopic  tech- 
niqucT^  It  was  found  in  all  ganglia  with  the  greatest  amount  in  the  buccal 
(l.()  t 4 ng/mg  protein)  and  the  lowest  in  the  pedal  (1.4  ± 0.  1 ng  'mg  protein). 


159 


Of  all  of  the  regions  of  the  ganglia,  the  neuropile  showed  the  gi-eatest  concen- 
tration, approximately  five  times  that  of  other  regions.  The  amine  was  also 
present  in  both  connective  (4.0  ±0.9  ng/mg  protein)  and  posterior  parapodial 
(2.  H ± 0.  8 ng/mg  protein)  nerves.  It  could  not  be  detected,  however,  in  any 
of  the  major  identified  neurons. 

Specific  receptors  for  phenylethanolamine  were  found  in  the  nervous  sys- 
tem of  Aplysia.  These  receptors  were  not  responsive  to  iontojihoretic  appli- 
cation of  structurally  related  putative  neurotransmitters  (phenylethylamine, 
dopamine,  norepinephrine,  octopamine  and  histamine)  from  five-barreled 
electrodes.  Such  receptors  are  rare,  and  most  frequently  found  in  buccal  or 
cerebral  ganglia  (Figure  50).  Three  types  of  responses  were  found,  due  to 
Na^,  Cl"  or  K+  conductance  increases,  respectively.  The  Cl"  conductance 
response  was  most  frequent.  These  results,  demonstrating  presence  of  and 
specific  receptors  for  phenylethanolamine,  suggest  that  this  amine  may  be 
considered  to  be  a putative  neurotransmittc-r  in  the  nervous  system  of  Aplysia. 
Since  phenylethanolamine  is  also  present  in  the  mammalian  central  nervous 
system,  these  results  are  consistent  with  the  possibility  that  phenylethanol- 
amine may  be  a neurotransmitter  there  as  well.  If  [phenylethanolamine  is  a 
neurotransmitter  in  simple  nervous  systems,  it  may  also  bo  in  man.  Further- 
more, it  may  be  involved  in  human  disease  states  or  in  res])onse  to  various 
injuries  to  the  nervous  system. 
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Ites|ionses  of  A))lysia  neurons  to  phenylethanolamine.  A,  B,  and 
C (ui)iier  trace)  are  intracellular  recordings  from  unidentified 
neurons  in  the  buccal  and  cerebral  ganglia  res))ectively.  The 
ionto|)horetic  current  a))plication  for  a five-barreled  electrode 
is  indicated  in  the  lower  trace  and  was  500,  500  and  1000  nC. 

The  neuron  in  A was  unres))onsive  to  1000  nC  of  dopamine  and 
octopamine  but  had  a depolarizing  response  to  acetylcholine.  The 
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A COMPARISON  OF  lONOPHORES  ACTIVATED  BY  ACETYLCHOLINE  AND 
GAMMA-AMINOBUTYRIC  ACID  IN  APLYSIA  NEURONS 

PnnciudI  lnv‘sti(]diors  P.  J.  Yarowsky  and  D.  O.  Carpenter 

Identified  neurons  in  .Aplysia  possess  three  different  ionic  responses  to 
acetylcholine  and  to  gamma-aminobutyric  acid.  Both  suV.>slances  have  re- 
ceptors on  the  soma  as  well  as  in  the  neuropile.  Swann  and  Carpenter^ 
compared  the  acetylcholine  and  dopamine  responses  and  found  similarities  in 
the  responses  due  to  movement  of  the  same  ions  on  activation  of  different  re- 
ceptors. They  suggi'sted  that  a single  receptor  may  be  associated  with  any 
of  at  least  three  ionophorc'S  which  mediate  permeability  changes  to  Na*^,  Cl” 
and  K'  . We  have  found  that  gamma-aminobutyric  acid  and  acetylcholine  re- 
sponses have  similar  times  to  peak  for  different  ionic  conductance  responses: 
for  Xa‘  conductances,  acetylcholine  i 0,2  sec,  gamma-aminobutyric 

acid  - 2.0  1 0.  1 sec;  for  Cl”  conductances,  acetylcholine  -=  2.4  ^ 0.2  sec, 
gamma-aminobutyric  acid  -2.  4 ::  0.4  sec;  for  K'*'  conductances,  acetylcholine 


I Figure  50  (continued). 

j middle  record  was  taken  4 min  after  beginning  perfusion  with 

“ seawater  in  which  Tris-^  replaced  all  Na-* . The  right  record 

( was  taken  10  min  after  wash  was  begun.  The  neuron  in  B was  in- 

I sensitive  to  dopamine,  norepinephrine,  octopamine  and  histamine, 

while  that  in  C had  a very  small  hyperpolarizing  (K'*')  response  to 
dopamine  but  was  unresponsive  to  octopamine,  norepinephrine  and 
acetylcholine.  In  B and  C the  neurons  were  penetrated  with  two 
independent  intracellular  electrodes  for  recording  and  current 
passage.  The  middle  records  show  the  responses  after  membrane 
potential  was  hypcrpolarized  past  the  equilibrium  potential  for  Cl” 
(about  -60  m\  ) and  show  that  the  response  in  B reverses  while  that 
in  C docs  not.  7'hc  CT”  response  in  B is  also  abolished  by  replace- 
ment of  Cl”  in  the  seawater  with  acetate  (right  record  in  B). 


■ 12.2  _ 1.7  see,  p,anim;i-:iminol)ulyi’ic'  acid  12.  1 i I..")  .sec.  The  pi'opiai  ics 
of  Iho  ionic  Hcicctivity  of  the  C'P  ionophorc  wc'rc  studicrl  on  c('II  K2,  which  has 
Cl“  rc'sponscs  to  l)oth  acctylcliolint?  and  gamma-aniinohutyidc  acid.  Cells  were 
impaled  with  two  independent  microelectrodes.  Aci‘tylcln)line  and  e.amma- 
aminobutyric  acid  responses  were  elicited  by  iontophoresis.  I'he  inxersion  po- 
tential was  measured  in  si'awaler  :ind  after  partial  substitniion  of  the  eNiernal 
Cl”  In'  impermeant  tinions  (S( ) j :ind  acc'tatei.  'I'he  resulting  shift  m tin-  in 
\ersion  potential  for  both  substtinces  w;is  similar  tind  corresponded  to  i-hanses 
in  l.'(^-|  ( Fip,nre  51 1.  However,  the  f?:imma-aniinobiityric  acid  and  tieetyleholme 
receptors  on  Ho  do  not  cross  destaisiti'/.e  tind  tire  therefore  distinct.  I'urther- 
more,  o-bimgtirotoxin  and  strychnine  block  the  :icet\lcho!ine  but  not  the 
pitimma-aminobutyric  acid  response.  Thest'  results  indicate  that  the  receptors 
for  ticctylcholine  and  gamm.a-timinobutyric  ticid  are  distinct  but  th(‘  similarity- 
of  the  ionic  conductances  to  the  two  substances  is  consisttmt  with  the  \iew  that 
thf'  ionophores  associated  with  the  receptors  tire  identical.  These  obserxti- 
tions  on  receptor  orRanization  are  significant  in  that  they  tire  probtibh  ainili- 
cable  to  a wide  variet\-  of  neurotransmifter  substanci's,  and  are  therefore 
important  in  undcrsttinding  human  nervous  and  muscular  disease-  slate-s,  as 
tvell  tjs  D)f>  dtM'elopmenf  of  therapc-utic  drugs. 
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Figure  51.  Graph  of  inversion  potentials  for  ACh  and  GABA  responses 
in  R2  following  various  anion  substitutes  for  Cl“.  He\'ers<al 
potential  is  indicated  by  * in  normal  Cl'  (-5S  ni\  ).  Follow- 
ing replacement  of  Cl"  by  anions  so  that  50  or  70  percent  of 
Cl“  remained,  the  reversal  potentials  for  ACh  and  GAB.A 
shifted  in  the  same  direction.  Substitutions  with  ace-tatc, 
sulfate,  or  methylsulfate  followed  the  .N'ernst  equation  for 
reduction  of  e.xternal  Cl”,  while  propionate  and  isethionate 
substitutions  did  not  follow  this  equation. 


UKFKRKNC’K 


1.  Swann,  J.  \V.  and  Carpc-nter,  D.  ().  Organisation  of  receptors  for  neuro- 
transmitters  on  Aplysia  neurones.  Nature  258:751-754,  1975. 


********* 


ASPARTATE:  DISTINCT  RECEPTORS  ON  APLYSIA  NEURONS 

Principal  Investigators:  P.  J.  Yarowsky  and  D.  O.  Carpenter 

While  L-glutamate  has  been  regarded  as  a putatix  c excitatory  ncurotrans- 
mitter  in  both  vertebrates  and  invertebrates,  I.-aspart:ite  has  been  ri-ported 
only  to  act  like  glutamate.  However,  recent  experiments  in  lobster  muscle 
and  the  mammalian  central  nervous  system  have  suggested  that  aspartate  m;i\ 
have  a distinct  role  as  a neurotransmitter.  Both  aspartate  and  glutamate  are 
in\’olved  in  a number  of  cellular  processes  such  as  meUiboIism,  pi'otcin  forma- 
tion, and  intracellular  osmotic  and  ionic  regidation.  .\spartate  has  been  found 
to  be  a major  anion  in  excitatory,  inhibitory,  and  sensor\-  nerve  tissue  in  the 
lobster  and  crab. 

We  have  studied  the  nervous  system  of  the  marine  mollusc  Aplysia  and 
have  recorded  from  single  neurons  dviring  application  ol  aspartate,  glut;\)iKitc 
and  acetylcholine  in  an  effort  to  determine  if  s|X'cific  receptors  were  present. 

Responses  to  aspartate  were  recorded  in  cells  from  all  ganglia  studied, 
although  not  all  cells  responded  tf>  either  aspartate  or  gluUmiatc.  Separate 
and  distinct  rcs[xinses  to  aspartate  were  obtained  in  only  a small  |x.'rccntigc 
of  the  neurons.  These  were  occasionallv  found  in  the  abdominal  ganglia,  but 
wei'e  more  freciuent  in  the  bucc;il  gai.,Ji:  . 

.\s  shown  in  Figatre  7>'l,  there  was  no  relation  betwi'cn  asp;irtate  reci-ptors 
and  those  for  acelvleholine  or  gliit;imate.  For  ;ill  three  substaiu'cs,  three  tvpi’s 
of  rcsixmsc  were  found  due  to  Na  , tT  and  K’  c'onductmce  increases, 
res|)cctively. 

Specific  aspartate  recei)lors  Iv.ive  not  pvi-viouslv  lu'cn  found  in  lather  ver- 
tebrate f)r  invertebrate  preparations.  .\sparl;itc  is  asymmetricallv  concen- 
trated in  the  Apiv.'-'i.i  nei’voiis  svslcm. 
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Figure  52.  Effects  of  iontophoretic  application  of  L-aspartate,  L-glutamate, 
and  acetylcholine  (ACh)  on  four  different  neurons  from  the  ab- 
dominal (A  and  D)  and  buccal  (R  and  C)  ganglia.  The  upper  re- 
cording in  each  trace  is  from  the  intracellular  micropipette, 
while  the  lower  trace  shows  the  duration  of  the  iontophoretic  pulse. 
The  cell  in  (A)  had  a resting  membrane  potential  (RMP)  of  -50  mV, 
and  iontophoretic  currents  were  (in  nanocoulombs);  aspartate,  50; 
glutamate,  50;  and  ACh,  50.  In  (B),  the  cell  had  a BMP  of  -4S  mV 
and  currents  were  (in  nanocoulombs):  aspartate,  400;  glutamate, 
400;  and  ACh,  100.  No  response  was  seen  with  bath  application  of 
glutamate  (10““^  M).  In  (C),  the  cell  had  an  RMP  of  -45  m\'  and 
currents  were  (in  nanocoulombs):  aspartate,  500;  glutamate,  200; 
and  ACh,  200.  No  response  was  seen  with  a bath  application  of 
aspartate  (lO""^  M).  In  (D),  the  RMP  of  the  cell  was  -52  m\‘  and 
currents  were  (in  nanocoulombs):  aspartate,  400;  glutamate,  400; 
and  ACh,  200. 


In  Aplysia,  the  receptors  activated  by  iontojiluirctic  application  of  serotonin 
and  acetsTcholine  appear  to  be  identical  to  those  existing  at  serotonergic  ;md 
cholinergic  synapses,  respectively.  (Xir  results  suggest  that  aspartate  may 
also  function  as  a neurotransmitter,  since  there  are  specific  receptors  for  as- 
partate which  can  selectiveh  change  the  membrane  iiernu'abilih  of  some  neurons 
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to  Xa*  or  Cl"  (or  Ijotli).  SiiK  c those  experiments  stron;;lv  su^;”est  that  aspartate 
is  a neurotransmitter,  it  must  be  ennsidered  when  searehini;  for  effects  on  the 
nervous  system  by  injurious  ae,ents  suc  li  as  dmt>s  and  radiation. 


r 
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BIOCHEMICAL  PROPERTIES  OF  A jS-BUNGAROTOXIN 

(•’rincipal  Invesiia-itors  M.  A.  Donlon,  G.  S.  Tobias  IV.  G.  Shain,  Jr.  and 
G.  N.  Catravas 

Tliis  report  describes  a potent  tool  for  studvinj;'  calcium  effected  release 
that  has  been  implicated  in  radiation-  ami  dins’- induced  patholo^A'. 


The  ^-buii!;aroto.\in  most  extensively  studied  has  a molecular  weight  of 
21,800  and  is  a major  component  of  Hun^arus  multieinctus  venom.  We  have 
investigated  the  biochemical  properties  of  a minor  component  of  the  venom 
having  a molecular  weight  of  ll,(ioo.  The  molecular  weight  was  determined 
by  three  independent  methods;  sodium  dodecvl  suUate  pol\  ;icryhimide  gel 
electrophoresis,  anal,\tic'al  sedimentation  velocitv’  and  amino  acid  ;mal\sis. 
The  molecule  was  labeled  with  l-  ’l  and  the  liinding  characteristics  of  the 
monoiodinated  toxin  were  studied.  Binding  to  s\  naptosomes  ;md  miloHiondria 
was  rapid,  saturalile  ;ind  could  be  inhibited  l)\’  preincubaf  ith  unl;il>eled 
toxin.  Binding  was  also  inhibiteil  l)\'  Ca^  in  the  inculiation  luLxture,  Tliis 
^-bungarotoxin  also  sliows  Ca'  -de|iendent  phospholiiKise  A acti\  it\'.  J'liese 
results  suggest  th;it  3"l’nngarotoxin  m;iv  ;ict  through  two  steps;  lirsl  a :-.pe- 
cific  bimling  (not  (hi  -requiring!  and  then  a pliospholipase  A acti\ if\  (('a 
reciuiring).  Classicallv , phospholipase  A is  remarhabh  lieat  stable  at  pll 
below  o.f)  but  is  inactivated  by  boiling  at  pll  above  7.  I’hospholipase  A aeti\- 
it\’  of /^-bungavotoxin  is  tlestroved  bv  heat  treatment  (inn'’C,  -I  mini  at  pll 
8.()  Ivut  is  unaffected  at  till  I.  In  addition,  the  kqhalitv  of  ^-bungarotoxin 
is  abolished  after  high  pll  heal  treatment  ( Table  22).  These  data  suggest 
tliat  the  |jhos[)holipase  activ  it\  is  assnejated  with  lethalitv.  However,  bc( 
venolii  phospholipase  .\  has  no  lethality,  suggesting  that  both  iiresvnaptic 
specificity  of  binding  and  associated  phospholi|)ase  A aetiv  ilv  are  necessarv 
for  /3-bungarotoxin  toxicity.  Finally,  wc  ha\ e dcmonstr.ited  a Ca  -dependent 
inhibition  of  adenosine  diphosphate-dependent  oxvgen  consumption  in  crude 
mitochondrial  preiiarations,  when  ,3-bungarotoxin's  phospholipase  .\  aelivitv 
is  inactivated  bv  heat  tveatmi'iit  at  high  pll  'This  suggests  that  this  inhibition 
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may  be  unrelated  to  /3-buns;arotoxin  toxieit>’.  Tliese  nbser\  ations  su^yvsl  that 
^-bunsarotoxin  may  be  uselul  in  st\id\  in;4  altered  release  mecluunsms  oeeur- 
rinp;  during  stress  and  radiation  injury. 


Table  22.  Summary  Table  of  the  Properties  of  a l’res>naptie  Xeui’otoxin, 
8-Bungarotoxin.  The  toxieity  is  deiiendent  on  (lu*  presenei'  of 
phospholipase  A (Ff.AI  activity  which  is  rclained  by  boiliima! 
low  pli  and  destroyed  at  pH’s  above  7.  'J'lie  I’LA  aeti\ity  re- 
quires Ca‘‘*  and  ADP-dependenl  Oo  uptake  can  be  inhibited  in 
mitochondrial  preparations  without  PI.A  activity  in  the  pri'senee 
of  Ca^^ . 


PROPERTY 

UNTREATED 

boiled 

LOW  pH 

HIGH  pH 

toxicity 

+ 

+ 

PLA  activity 

o)  c CO  + -*- 

+ 

+ 

-> 

b)  ; Co  + + 

ADP  DEPENDENT 

Oj  uptake 

o)  c Co*  + 

+ 

+ 

+ 

b)  ; Ca  + + 

+ 

PURIFICATION  AND  BIOCHEMICAL  CHARACTERIZATION  OF  A 
d-BUNGAROTOXIN 

Princip,)!  lnvfsti()<iturs  G.  S.  Tobias.  M.  4.  Don/on,  W.  G.  Sham.  Jr.  and 
C N.  Catravas 

Speeifie  protc'ins  in  snake  \i'n<ims  ma\  be  \er\  xaluabK-  idols  for  the  study 
of  the  nervous  svsleni.  A chromatographic  procedure  has  bcini  ik'sci'dicd  lor  the 
separation  of  the  neurotoxie  proteins  in  Hungarus  nuilticmci^  \enoni.  ‘ The 
most  positivfdy  charged  toxic  protein  isolated  was  examined  for  punt\  , moli'c- 
ular  W('ight,  amino  acid  composition  and  toxicity.  Nine  prote'n  pc-aks  \v<  rc 
isolated  from  the  crude  venom  by  column  chromatographv  on  CM-Sephadex 
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C-25.  Peak  IX  (/9-IX),  the  most  electropositive  protein  peak,  ran  as  a single 
band  on  pH  4.3  and  sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis. 
The  molecular  weight  of  )3-IX  was  estimated  to  be  10,000  daltons  by  analytical 
sedimentation  analysis.  This  value  was  consistent  with  the  electrophoretic 
mobility  of  j3-IX  in  sodium  dodecyl  sulfate  polyacrylamide  gels  (Figure  53 », 

The  amino  acid  composition  of  /3-IX  was  comparable  to  that  of  the  major  /3- 
bungarotoxin  peak  (jS-VII)  previously  reported,^’ ^ suggesting  that  /3-lX  may 
be  a subunit  of  the  major  loxin.  0-IX  was  toxic  to  mice  when  injected  intra- 
venously. Animals  which  received  lethal  doses  exhibited  hyperexcitability 
followed  by  ataxia,  convulsions  and  death.  The  minimum  lethal  dose  was  0. 12 
^g/g  body  weight.  |3-Bungarotoxin  acts  presynaptically  at  the  neuromuscular 
junction  to  inhibit  transmitter  release.  /3-IX  exhibited  a Ca^“'’-dependent  phos- 
pholipase activity  comparable  to  that  of  /3-VH  in  a pH  stat  assay  in  which  egg 
yolk  lecithin  served  as  the  substrate.  The  enzyme  activity  was  lost  after 
fi-IX  was  boiled  for  5 minutes  at  pH  8.5.  8-IX  inhibited  the  muscle  twitch 
evoked  by  nerve  stimulation  in  an  isolated  nerve-muscle  preparation  but  did 
not  inhibit  that  evoked  by  bath-applied  acetylcholine.  Thus,  /3-IX,  as  jS-VH, 
acts  presynaptically  to  inhibit  transmitter  release.  The  investigation  of  the 
toxin  and  its  action  provides  a model  system  for  studying  the  effects  of  other 
forms  of  stress  on  neuronal  activity. 


CLECTROPHORETIC  MOBILITY  IRO 

Figure  53.  Comparison  of  molecular  weight  and  electrophoretic  mobility 
of  known  proteins  and  g-bungarotoxin  (g-IX)  in  sodium  dodecyl 
sulfate  polyacrylamide  gels.  20-30  ug  of  ovalbumin,  insulin 
ribonuclease,  and  fi-lX  were  run  separately  and  in  various  com- 
binations on  sodium  dodecyl  sulfate  polyacrylamide  disc  gels. 
The  molecular  weight  of  j3-IX  was  estimated  to  be  10,000  daltons 
and  this  was  confirmed  by  analytical  sedimentation  analysis  and 
amino  acid  analysis. 


The  elucidation  of  the  mechanism  of  action  of  8-lX  can  lead  to  an  under- 
standing of  presynaptic  events  involved  in  the  release  of  neurotransmitters. 
These  Ca‘  ♦ ion  dependent  events  may  be  related  to  functional  incapacitation 
due  to  radiation  injury  seen  in  early  transient  incapacitation  followini'  large 
doses  of  radiation. 
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ANALYSIS  OF  BINDING  AND  PHOSPHOLIPASE  A PROPERTIES  OF 
jl-BUNGAROTOXIN 

Pnru  ipiii  Irwt’slin.iiPC'  0.  S.  Tobiss,  M.  A.  Donlon^  tV.  G.  Shain,  Jr.,  AFRRI; 

and  B Marinetti,  University  of  Rochester 


5-Bungarotoxin  acts  presynaptically  to  inhibit  neuromuscular  transmis- 
sion. We  have  previously  shown  that  j3-bungarotoxin  has  the  following  two 
proiK-rties:  (ly  ^“'"’l  /l-t-bungarotoxin  binds  to  I'at  brain  synaptosomes,  :uid  the 
binding  is  inhibited  by  Ca  ‘ ; and  (2)  the  toxin  has  Ca"^^-deixmdent  phospho- 
lijiase  A activity.  We  have  imoixiscd  that  /?-bungarotoxin  exerts  its  effect  on 
synaptic  trimsmission  through  a sc-quence  of  events:  first  binding  and  then 
phospholipase  A ac-tivit>'.  We  have  been  investigating  several  additional  as- 
pects of  /5-bungarotoxin's  binding  luid  phospholipase  A properties.  We  have 
found  that  cations  inhibit  ^^•'^1  jS-bungarotoxin  binding  to  synaptosomes  in  the 
following  oi’der  of  inhibitory  potency:  Ca*  >Ba^  '-Sr  >^Mg  >K  >Na’. 
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Binding:  is  also  decreased  following  pretreatment  of  synaptosomal  membranes 
with  trypsin  or  chymotr>’psin.  Pretreatment  with  neuramidinase,  concana- 
valin  A,  or  phospholipases  C or  D does  not  alter  binding.  However,  phospho- 
r lipase  A activity  from  Vipera  russelli  venom  is  inhibitory  while  bee  venom 

phospholipase  A is  not„  Sr'^+  is  30  percent  of  that  with  Ca"*.  Incubation  of 
svTiaptosomal  membranes  (3  mg  protein)  with  j3-bungarotoxin  (20  |ig)  for  15 
min  at  37^C  results  in  a partial  hydrolysis  of  phosphatidylcholine,  phospha- 
tidylethanolamine  and  phosphatidylserine  to  their  respective  lyso-compounds 
and  fatt\  acids.  Using  ^"^C-glycerol  labeled  synaptosomes,  rapid  hydrolysis 
of  phosphatidylcholine,  phosphatidylethanolamine  and  phosphatidylserine 
occurred  during  the  first  10-15  min  of  incubation  with  the  extent  of  hydrolysis 
being  PE>POre  (Figvire  54).  The  hydrolysis  due  to  endogenous  phospholip- 
ase activity  and  that  contributed  by  )3-bungarotoxin  were  significantly  inhibited 
when  Sr^'*'  was  substituted  for  Ca^^  in  the  incubation  medium.  These  results 
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Figure  54.  The  effect  of  and  on  the  hydrolysis  of  synaptosomal 
phospholipids  by  _6-bungarotoxin.  Rat  brain  synaptosomes, 
whose  phospholipids  had  been  prelabeled  with  by  prior 
intraventricular  injection  of  ^^*0 -glycerol,  were  incubated  for 
10  or  135  min  in  Krebs  Ringer  solution  with  0,(!  mM  CaCl2  for 
SrCl2  with  or  without  20  )3-bungarotoxin.  Following  incuba- 
tion the  phospholipids,  phosphatidylethanolamine  (PE)t  phos- 
phatidylcholine (PC),  and  phosphatidylserine  (PS),  and  their 
respective  lyso-c'omjiounds  were  extracted,  separated  by  two- 
dimensional  thin-layer  chromatography  and  assaved  In  li(|uid 
scintillation  counter.  'I'he  results  are  exiiresstvl  as  percent 
hydrolysis  of  specific  lysoj)hospholipid  divided  I)\-  the  sum  of 
specific  phospholipid  plus  Ivsophosphol  ipifi  times  one  hundred. 
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siij;j;fst  tliat  /i-l)un,n:iroloxin  binds  (,<>  a |H-oU‘in;ufoiis  siu-  and  i‘api(Jl\'  hydro- 
lyzes membrane  phospholipids.  An  understandin;4  oi  tlie  bioi  liemieal  e\ents 
involved  in  transmitter  release  from  tlu'  presvnaptie  terminal  is  an  essential 
first  step  in  the  future  clarification  of  radiation  damage  to  the  proi'ess  of 
ncr\e  transmission. 


^j-BUNGAROTOXIN;  RELATIONSHIP  OF  PHOSPHOLIPASE  ACTIVITY 
TO  TOXICITY 


f’oni  i|»il  Invi'sii  i.ii  't  G S Tobias.  M A Donlon,  VJ.  G.  Sham,  Jr. 

1 and  G N Catravas 

Calcium  dependent  redease  of  neuroeffector  substances  may  be  respon- 
sible for  radiation- induced  earl\  transient  incapaciUition.  Ue  iia\e  l)cen  de\el- 
opm^  5-bun^;ai’oto.\in  to  stud\  the  crmtrol  of  caK  ium  release. 
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3-Hun^aroto.\in  has  been  shown  to  inhibit  presvnaptie  transmitter  re- 
lease. ^ \Va};ner  et  ;il.-  and  Wernicke  et  al.  * have  suuKesWxl  that  the  neuro- 
physioloftic  effect  is  mediated  by  changes  in  mitochondrud  metabolism.  Aj)- 
plication  of  the  toxin  on  a neuromusc  ular  preparation  causes  an  initial  in- 
creased rate  of  acetvlcholme  release  from  the  presynaptic  terminal  followed 
by  a complete  inliibition  of  release.  We  have  reixjrted  that  a different  bun^a- 
rotoxin  (peak  LX)  labeled  with  binds  rai)idly  and  saturably  to  botli  rat 
brain  synaptosomal  and  mitochondrial  fractions,  and  that  bindiii);  is  inhibited 
by  Ca'  ' • It  thus  appt'ars  that  the  toxin  bindin^t  site  is  similar  on  both  brain 
fractions.  To  resolve  the  interaction  of  bunKarotoxins  with  this  bindinj;  site 
on  mitochondria,  phospholipase  A activity  and  o.xyjten  consumption  were  as- 
sayed similar  to  Wernicke  et  al.^  Minced  rat  cerebriU  cortex  was  incubated 
at  37°C  in  the  presence  and  absence  of  toxin  which  was  previously  treated  by 
boilinj;  at  lush  and  low  pH.  Crude  mitochondried  fx.dlets  were  prepared  from 
these  minces,  and  o.xyfien  consumption  was  measured  usinj;  an  oxyjten  elec- 
trode (Fifvure  55).  Both  the  major  bungarotoxin  )ieak  (Vll)  and  peak  IX  exhibit 
Ca'  '-dependent  phospholipase  A activity.  The  phospholipase  A activity  and 
the  toxicity  arc  abolishcxl  by  boiling  for  3 min  at  pH  8.0.  Both  pealcs  inhibit 
adenosine  diphosphate-dependent  oxygen  consumption.  However,  peal-i  IX 
does  not  require  Ca  ' ' for  this  effect.  These  results  suggest  that  (1)  peak  IX 
differs  fi'om  jx;ak  Vll;  i.e.,  jx^al\  IX  does  not  retiuirc  Ca'  ' for  binding  or  for 
adenosine  diphosphate-dependent  mitochondrial  oxygen  consumption;  (2)  toxiciW 
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is  related  to  phospholipase  A activity;  and  (3)  the  mode  of  action  of  peak  IX 
is  through  two  steps:  first  a specific  binding  (not  Ca^"''  requiring)  and  then  a 
phospholipase  A activity  (Ca^^  requiring).  The  relationship  between  the  mito- 
chondrial inhibition  of  adenosine  diphosphate-dependent  oxygen  consumption 
and  the  neuromuscular  blockade  remains  to  be  determined. 


A)  LOW  pH  TOXIN  c Co+* 


0 2 4 6 8 

TIME  (minutes) 


Figure  5.5.  Succinate -dependent  oxygen  uptake  by  brain  mitochondria. 

Tracings  of  oxygen  consumption  are  shown  for  the  various 
toxin  and  Ca^^  additions.  The  arrows  mark  the  succinate 
at  14  mM  or  ADP  at  1.75  mM. 


This  study  has  described  a second  mode  of  function  of  a potential  tool  for 
studying  radiation- induced  calcium-rcquiruig  phenomena.  However,  the  enzy- 
matic activity  of  tlie  toxin  c-an  be  destroyed,  preserv  ing  its  effects  on  cudeium 
fliLX.  Tims  the  inactivated  toxin  may  be  a potent  tool  in  understanding  the  mech- 
anism(s)  of  histamine  release  during  early  transient  incapacitation. 
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/J-BUIMGAROTOXIN:  THE  RELATIONSHIP  OF  PHOSPHOLIPASE 
A ACTIVITY  TO  NEUROMUSCULAR  TRANSMISSION 

PfinciprfI  lnvpstl(|dtors  D.  R.  Livengood,  M.  A.  Donlon,  AFRRI;  R.  S.  Manalis, 

University  of  Cincinnati  College  of  Medicine; 

G.  S.  Tobias  and  W.  G.  Shain,  Jr.,  AFRRI 

At  least  two  different  species  of  8-bungarotoxin  have  been  isolated  and 
studied.  We  arc  proposing  that  the  toxin  may  function  by  first  binding  to 
a proteinaceous  moiety  of  the  presynaptic  membrane  and  then  by  phospho- 
lipase A enzymatic  activity.  Subthreshold  end-plate  potentials  were  recorded 
in  a frog  neuromuscular  preparation  in  0.  3(i  mM  Ca^"^,  2.  9 mM  Mg^^  saline. 
End-plate  potential  amplitude  and  membrane  potential  of  muscle  fibers  were 
analyzed  during  treatment  with  purified  fi-bungarotoxin  or  toxin  treated  by 
boiling  at  pH  8.  f>  to  destroy  phospholipase  A activity.  Purified  enzymatically 
active  8-bungarotoxin  (0.2-2.  0 ^g'ml)  causes  a rapid  decay  in  5-10  min  in 
end-plate  potential  amplitude.  This  frequently  was  followed  by  a rebound  of 
the  end-plate  potential  to  levels  in  excess  of  control.  This  is  in  turn  followed 
by  a second  decrease  to  zero  (100-150  min).  The  toxin  blocks  the  cnd-platc 
potential  but  not  iontophoretically  applied  acetylcholine  in  a curarized  prep- 
aration. Enzymatically  inactivated  8-bungarotoxin  (0.05-2.0  mg  ^ml)  also 
causes  a rapid  decrease  in  amplitude  of  the  end-plate  potentials.  No  rebound 
of  end-plate  potential  activity  has  been  seen  with  inactivated  toxin.  Loss  of 
end-plate  potential  amplitude  with  inactivated  8-bungarotoxin  appears  to  be 
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dose  dependent.  We  suggest  that  a molecule  of  0-bungarotoxin  has  two  func- 
tional components:  (1)  a phospholipase  A active  site  and  (2)  a site  that  binds 
to  the  presynaptic  membrane,  probably  at  the  Ca'*'’*'  binding  site  and  thereby 
blocks  transmission.  The  effect  of  ^-bungarotoxin  on  frog  sartorius  muscle 
twitch  response  is  shown  in  Figure  50. 
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Figure  56.  Effect  of  g-bungaroloxin  on  the  frog  sartorius  muscle  twitch 
response.  The  frog  sciatic  nerve  was  stimulated  at  10  min“^ 
and  the  isometric  twitch  tension  of  the  sartorius  muscle  was 
monitored  with  a strain  gauge.  After  the  preparation  had  main- 
tained a steady-state  twitch  response  for  30  min  (at  t = 60  min), 
^-bungarotoxin  was  added  to  the  bathing  Ringer's  solution  to  a 
concentration  of  1 ^g/ml. 


The  mechanism  of  radiation  damage  induced  incapacitation  of  animals 
may  be  related  to  transient  alteration  of  neurosecretory  processes.  'J'his 
study  examines  the  clectrophysiological  aspects  of  neuromuscular  blockade' 
using  a presynaptic  toxin  to  probe  the  biophysical  events  occurring  at  this 
radiation  sensitive  site. 
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DISSOCIATION  AND  CONTINUOUS  CELL  CULTURE  OF  HUMAN 
SMOOTH  MUSCLE  CELLS 

Principal  Investigators  E.  S.  Chock  and  W.  G.  Shain,  Jr. 

Many  studies  require  a reproducible  preparation  of  smooth  muscle  cells, 
but  such  a preparation  is  difficult  or  impossible  to  obtain  from  intact  tmimals. 

We  have  attempted  to  obtain  continuous  lines  of  cells  in  culture.  Cell  cultures 
of  smooth  muscle  have  been  established  from  human  oviduct  b^'  enzymatic  tlis- 
sociation.  Repeated  treatments  of  minced  tissue  in  Ca^"*^,  lMg“  free  llanlcs' 
saline  containing  collagenase  (20  units/ml)  and  elastase  (10  units/ml)  resulted 
in  single  cell  suspensions.  Cells  from  the  later  dissociation  ta'eatments  were 
most  homogeneous  with  respect  to  smooth  muscle  morpholog>’.  Cells  have  been 
maintained  in  continuous  culture  for  at  least  1 year  and  have  a doubling  time  ol 
5.5  days.  By  light  microscopy  the  muscle  cells  were  obseiwed  to  have  a prom- 
inent nucleus  and  to  be  flat  and  of  irregular  shape.  The  cell  shape  appeiu’s  to 
be  determined  by  the  displacement  of  pi’ominent  bundles  of  filaments.  Cultures 
were  fixed  for  thin  section  and  surface  replica  elccti'on  microscopy  in  phosphate- 
buffered  glutaraldehyde  and  osmium  tetroxide.  Filament  bundles  containing 
numerous  dense  bodies  coursed  through  the  cell  soma  and  large  cytoplasmic 
extensions  terminating  on  the  inner  surface  of  the  extracellular  membrane. 

Small  vesicles  were  frequently  associated  with  points  of  filament  termination. 
The  replicas  suggest  that  the  surface  membrane  is  smooth  e.xcept  in  tliosc  ar- 
eas where  caveolae  are  arranged  in  longitudinal  rows.  Replicate  cell  cultures 
were  analyzed  for  stimulation  of  intracellular  concentrations  of  cyclic  adenosine 
monophosphate  after  15-mm  incubations  with  dopamine,  noradrenaline,  isopro- 
terenol, carbamylcholine  (all  10  ^ M),  and  prostaglandin  Kj  (1.07  /ig/ml). 

Only  prostaglandin  E]  treatment  showed  significant  changes  in  cyclic  adeno- 
sine monophosphate  concentrations,  stimulating  basal  levels  (35  innoles ''mg 
protein)  to  047  pmoles  mg  lu’otein.  A methixl  for  the  rapid  dissociation  and 
establishment  of  continuous  cell  cultures  exhil)iting  a smooth  muscle  phenotype 
has  been  develo|ied. 

The  establishment  of  these  cell  lines  allows  the  possibility  of  adapting  the 
procedure  to  compare  sensitivity'  of  various  primate  smooth  muscles  to  direct 


174 


effects  of  radiation  and  to  sensitivity  to  histamine,  which  is  thought  to  be  the 
causative  agent  in  early  transient  incapacitation.  This  technique,  because  it 
allows  direct  comparison  of  human  and  nonhuman  cell  lines,  will  allow  a direct 
extrapolation  of  radiosensitivity  data  to  man. 


ELECTROPHYSIOLOGICAL  PROPERTIES  OF  SMOOTH  MUSCLE  IN 
DISSOCIATED  CELL  CULTURE 

Principal  Investigators:  C.  N.  Sinback  and  W.  G.  Shain.Jr. 

In  order  to  compare  radiation  effects  on  a number  of  different  species, 
including  man,  homogeneous  smooth  cultures  have  been  developed.  Human 
oviduct  smooth  muscle  cells  grown  for  as  long  as  1-1/2  years  in  vitro  ex- 
press electrophysiological  properties  of  smooth  muscle  in  vivo.  Single  iso- 
lated cells  and  cells  in  contact  with  neighboring  cells  were  impaled  with  one 
to  two  microelectrodes.  The  mean  resting  potential  was  42  + 9 mV  (n  = 87). 
Input  resistances  were  calculated  from  electrotonic  potentials  due  to  current 
injected  via  microelectrodes.  In  10  isolated  single  cells  the  input  resistance 
was  54  + 28  Mfl.  Using  photographs  to  calculate  cell  surface  area,  the  spe- 
cific resistance  was  41  + 8 kO-cm^.  The  time  constant  of  the  electrotonic  po- 
tential was  96  + 31  msec.  These  values  agree  with  predictions  of  single  cell 
properties.  The  input  resistance  of  cells  in  contact  with  neighboring  cells 
was  18  + 14  Mfl  (n  = 72).  Current  passed  into  either  of  two  connected  cells 
always  elicited  electrotonic  potentials  in  both  cells  (n  = 10).  Thus,  current 
spread  across  cell  contacts  accounted  for  lower  input  resistance  of  connected 
cells.  In  a subpopulation  of  cells,  active  depolarizing  potentials  were  elicited 
by  depolarization  to  a threshold  potential  or  by  release  from  hyperpolarization. 
Active  response  amplitude  and  duration  at  half-amplitude  were  ''0  mV  and  200 
msec,  respectively.  Although  spontaneous  active  responses  were  not  seen, 
pacemaker  potentials  were  elicited  by  10  mM  BaCl2-  Muscle  excitability  de- 
pended on  calcium  since  2 mM  EGTA  or  10  mM  CoClg  abolished  active  re- 
sponses. This  report  describes  the  normal  electrophysiology  of  human  smooth 
muscle  cells  in  culture.  This  information  will  serve  as  base-line  information 
for  the  study  of  neuroeffectors  important  in  early  transient  incapacitation,  e.  g. , 
hi.slamine,  and  direct  effects  of  radiation  on  smooth  muscle  metabolism. 
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PROSTAGLANDIN  E,  STIMULATION  OF  CYCLIC  ADENOSINE  MONOPHOSPHATE 
LEVELS:  INHIBITION  BY  PUTATIVE  NEUROTRANSMITTERS  IN  A NEURONAL 
SOMATIC  CELL  HYBRID 


Principal  Investigators  J.  C.  Blosser,  P.  Ft.  Myers  and  l/V.  G.  Shain,  Jr. 


Prostaglandins  and  cyclic  adenosine  monophosphate  have  been  reported 
to  control  or  modulate  a number  of  neurotransmitter  effects  in  the  central 
nervous  system.  We  have  used  a model  cell  culture  system  to  study  these 
effects.  A somatic  cell  hybrid  (TCX17),  a subclone  of  the  embryonic  mouse 
sympathetic  ganglion  cell  X neuroblastoma  (N18TG2)  cell  line  NX31,  was 
tested  for  the  ability  of  neurotransmitter  substances  to  antagonize  prosta- 
glandin stimulation  of  cyclic  adenosine  monophosphate  levels.  In  the 
presence  of  phosphodiesterase  inhibitor  Ro20-1724  (10“'^  M),  cells  incubated 
for  3 min  in  the  presence  of  10"®  M prostaglandin  Ej  exhibited  a tenfold  in- 
crease in  cyclic  adenosine  monophosphate  levels.  The  prostaglandin  E^ 
stimulation  as  well  as  basal  levels  of  cyclic  adenosine  monophosphate  could 
be  inhibited  by  coincubation  with  either  10"^  M carbachol,  10"^  M norepi- 
nephrine, or  10"^  M dopamine  (Table  23).  In  contrast,  both  serotonin  and 
morphine  were  ineffective  in  altering  either  basal  or  prostaglandin  Ei- 
stimulated  increases  in  cyclic  adenosine  monophosphate  at  10" M,  the  latter 
despite  the  presence  of  opiate  receptors  in  this  cell  line.^  The  carbachol  in- 
hibition could  be  reversed  by  preincubation  with  10"®  M of  either  atropine  or 
scopolamine  but  not  by  10"®  M of  a-bungarotoxin  or  d-tubocurarine,  suggest- 
ing the  presence  of  muscarinic  receptors.  Phentolamine  and  phenoxybenza- 
mine  but  not  dichloroisoproterenol  could  reverse  norepinephrine  inhibition. 


Table  23.  Effect  of  Neurotransmitters  on  PGE^  Stimulation  of  Cyclic 
Adenosine  Monophosphate  (cAMP)  Levels  in  the  TCXll 
Hybrid  Clone 


Additions 

cAMP  (pmoles/mg  protein) 

Basal 

78.8+  8.4 

PGEi  10~®  M 

253 

± 32 

PGEj  + Dopamine  iO”^  M 

122 

± 10 

PGE]^  + Norepinephrine  10“'’  M 

113 

i 

PGEi  + Carbachol  10“^  M 

133 

± 34 

PGEj  -(  Serotonin  10“'’  M 

313 

1 22 

Drugs  were  Incubated  with  cells  as  described.  Results  are 
expressed  as  -t  S.  D.  for  three  separate  plates  of  cells. 
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In  addition,  isoproterenol  (10  ^ M)  could  not  mimic  the  norepinephrine  inhi- 
bition, consistent  with  an  adrenergic  receptor.  Chlorpromazine,  Stelazine 
and  bulbocapnine  (all  10  M)  blocked  the  dopamine  inhibition  suggesting  the 
presence  of  a dopamine  receptor.  Electrophysiologically , dopamine  elicits 
a depolarizing  response  in  TCX17.^  Thus  the  possibility'  exists  that  a neuro- 
transmitter which  elicits  a conductance  change  can  also  modulate  prostaglandin 
alterations  in  cj'clic  adenosine  monophosphate  levels  in  this  cell  line. 

This  report  continues  the  description  of  a model  system  for  neuron-drug 
interactions.  The  report  is  of  significant  importance  in  describing  the  separa- 
tion of  opiates  and  cyclic  nucleotides,  and  demonstrates  the  value  of  such  cell 
lines  as  models  for  studying  drug  interactions  in  a simple  control  system. 
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EVIDENCE  FOR  A DOPAMINE  RECEPTOR  ANTIBODY 

■ I .)i  Invt’sti'idtors  P.  R.  Myers,  M.  A.  Donlon,  K.  F.  McCarthy,  M.  J.  McCreery, 

D.  R.  Livengood  and  (V,  G.  Shain,  Jr. 

SublU-  clumges  in  cell  surfaces  caused  by  irradiation  can  be  monitored 
in,.  inti.ser;i  [irfiduced  against  normal  cell  membranes.  We  have  used  a 
• !■  I i ll  culture  line  to  provide  such  a tool. 

ti  < nim  to  the  somatic  cell  hybrid  TCXll  was  produced  to  obtain  an 
' ihi  dopnmine  receptor  foiuid  on  these  cells.  TCXll  is  a subclone 
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of  NX31  (a  neuroblastoma  X embi'yonic  mouse  sympatlietie  ;aaiiRlion  c-ell  hy- 
brid). Intraeellular  recordings  from  TCXll  show  a depolarizing,  conduc- 
tance increase  response  upon  iontophoretic  application  of  dopamine  (Figure 
57).  The  response  is  specific  in  that  dopamine  antagonists  block  the  response, 
agonists  mimic  dop;imine,  and  cholinergic  antagonists  are  without  effect. 


400  nC  DOPAMINE 

Figure  57.  Upper  panel.  Depolarizing,  conductance  increase  response 
elicited  by  dopamine  in  TCXll.  Upper  trace  shows  current 
pulses  passed  across  membrane  to  test  membrane  resistance. 
Ijower  trace  indicates  dose  dependency  of  the  response  ampli- 
tude to  decreasing  iontophoretic  charge  (representing  decreas- 
ing quantitites  of  dopamine).  Lower  panel.  Blockade  of  the 
dopamine  response  by  dccomplemented  antiserum.  Blockade 
was  reversible  upon  perfusion  with  medium  free  of  antiserum. 
Control  scrum  did  not  antagonize  the  response. 


Cells  were  grown  in  dibutyryl  cyclic  adenosine  monophosphate  to  induce  dif- 
ferentiation, harvested,  washed,  concentrated  and  injected  into  rabbit  foot- 
pads (10- M ,\  10*’  cells).  After  a period  of  repeated  small  injections,  serum 
was  collected  and  dccomplemented.  Bath  applications  of  antiscium  showed  a 
dose-dependent  inhil)ition  of  the  dopamine  resjx>nse  while  control  serum  was 
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without  effect.  An  immunoglobulin  peak  which  inhibited  the  response  was  ob- 
tained after  Sephadex  G200  gel  filtration  or  DEAE  chromatography.  To  ascer- 
tain antibody  specificity,  dopamine  receptor  binding  in  rat  caudate  was  exam- 
ined by  the  method  of  Creese  et  al.^  The  antiserum  inhibited  dopamine  bind- 
ing while  control  serum  had  no  effect.  Apomorphine  inliibited  dopamine  bind- 
ing 50-60  percent  while  chlorpromazine  inhibited  20-30  percent  relative  to 
controls.  The  antiserum  at  a dilution  of  1:50  would  inhibit  binding  40-50  per- 
cent. Similarly,  the  antiserum  at  1:40  dilution  inhibited  the  dopamine- 
sensitive  adenyl  cyclase  described  by  Clement- Cormier  et  al.^  Preliminary 
experiments  show  selective  blockade  by  the  antiserum  of  dopamine  responses 
in  Aplysia,  but  not  acetylcholine  responses.  Collectively,  these  results  sug- 
gest the  presence  of  an  antibody  which  effects  dopamine  receptor  activity. 

Radiation  effects  on  plasma  membranes  have  been  studied  in  a general  way 
by  observing  sulfhydryl  modifications  of  surface  proteins.  However,  knowledge 
of  specific  protein  modifications  due  to  radiation  injury  is  limited  due  to  a lack 
of  substances  which  uniquely  interact  with  only  one  protein.  The  antibody  used 
in  this  study  provides  a unique  tool  for  dissection  of  radiation  effects  on  a single 
functional  protein  within  the  cell  membrane. 
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TRANSPORT  OF  GAMMA-AMINOBUTYRIC  ACID  BY  GLIAL 
CELLS  IN  CULTURE 

Priniip.il  Invi'slin.itots  D.  L.  Martin,  D.  A.  Brown  and  W.  G.  Shain.Jr. 

Gamma-aminobutyric  acirl  is  usually  considered  to  he  a neurotransmitter, 
hut  may  have  other  roles  in  other  cc'lls.  In  this  study,  gamma-aminohutyric 
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acid  transport  was  studied  in  cultured  glial  cells  obtained  i)v  dissociation  of 
fetal  or  neonatal  rat  superior  cervical  ganglia  and  in  a morphologically  simi- 
lar rat  glioma  cell  line  obtained  from  a spinal  tumor  tlOSGA  cells)  in  order  to 
confirm  observations  on  glial  transport  previously  made  with  intact  supc-rior 
cervical  ganglia.  The  rate  of  uptake  in  Hepes  buffered  Hanks'  balanced  salt 
solution  was  nearly  constant  for  over  2 hours  at  37°C  for  all  gamma- 
aminobutyric  acid  concentrations  studied.  Kinetic  analysis  of  uptake  in  105(iA 
cells  revealed  two  components  with  apparent  Michaelis  constants  of  approxi- 
mately 0.  1 uM  and  1.50  /jM  and  a third  component  with  an  apparent  greater 
than  600  /jM.  Uptake  of  0.025  gamma-aminobutyric  acid  by  1056A  cells 
was  about  46  percent  of  control  when  Nad  was  replaced  with  either  choline 
chloride  or  sucrose  whereas  uptake  of  10  pM  and  1 mM  gamma-aminobutyric 
acid  was  not  strongly  sodium  dependent.  Ganglion  glia  also  possessed  a high 
affinity  uptake  system  (K^^O,  1 pM).  Uptake  of  0.  025  gamma-aminobutyric 
acid  by  both  ganglion  glia  and  1056A  cells  was  much  more  strongly  inhibited  by 
^-alanine  than  by  L-2,4-diaminobutyric  acid  (Figure  58),  Representative  o- 
amino  acids  (alanine,  glycine,  histamine  and  leucine)  w’ere  found  to  be  ex- 
tremely poor  inhibitors  of  this  uptake.  The  inhibitory  potency  of  jS-tilanine 
relative  to  diaminobutyric  acid  was  increased  at  150  uM  gamma-aminobutyric 
acid.  At  this  gamma-aminobutyric  acid  concentration,  the  IC50  for  )3-alanine 
was  less  than  75  jiM  but  1.  5 mM  diaminobutyric  acid  inhibited  by  only  22  per- 
cent. The  present  results  on  substrate  specificity  and  sodium  dependency  of 
the  high  affinity  uptake  system  are  similar  to  those  obtained  previously  with 
intact  superior  cervical  ganglia.  Since  gamma-aminobutyric  acid  is  known  to 
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Figure  58,  Effects  of  amino  acids  on  the  uptake  of  ’^11  gamma- 
aminobutyric  acid  by  superior  cervical  ganglion  glia 
and  1056A  glioma  cells  in  culture 
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be  the  principal  inhibitory  neurotransmitter  in  the  nervous  system,  and  is  in- 
volved in  such  human  diseases  as  epilepsy  and  some  movement  disorders,  this 
gamma-aminobutyric  acid  transport  system  may  hav'c  a direct  involvement  in 
human  disease  states. 
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